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IMMUNOLOGICAL REACTIONS OF BENCE-JONES PROTEINS 
I.— DIFFERENCES BETWEEN BENCE-JONES PROTEINS FROM VARIOUS SOURCES 
By S. Bayne-Jones and D. Wright WILSON 

(From the Departments of Pathology and Bacteriology and of Physiological Chemistry, The Johns Hopkins University.) 
Since 1847, when Bence-Jones ' described the peculiar tendency to assume that all preparations of Bence-.Jones 

ubstance now known as Bence-Jones protein, many protein are identical in structure and composition. 
reparations of it from different sources have been The usual determinations of the chemical constituents 


‘tudied chemically. It has been well established that this of proteins, however, have not afforded sufficient data on 


ubstance is a protein with peculiar properties which which to base an opinion as to the identity of those 


render it unique among proteins. Furthermore, as the substances. As is well known, immunological reactions 


rarious preparations of this protein have been found have indicated differences between proteins which were 


0 possess in general similar properties, and as the apparently alike. In some cases, as for instance in the 


Malyses of the specimens from two cases of Bence-Jones comparison of the proteins of the eggs of the hen and 


roteinuria made by Hopkins and Savory * agreed within duck made by Dale and Dakin,’ there has been found 


he limits of their experimental error, there has been a some correlation between the structure of the proteins 
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and their specific characteristics as antigens. As yet, 
no immunological Comparisons of various preparations 
of the socalled “Bence-Jones protein” have been made. 
Some aspects of Bence-Jones proteinuria suggest that 
the opinion that the substance has an invariable com- 
position may not be justified. Bence-Jones proteinuria 
has been found in association with multiple myeloma, 
leukemia, carcinomatosis of bone, diseases of the kidney 
and Although 


BenceJones protein in the body is unknown, it is con- 


other obscure conditions. the origin of 
ceivable that the characteristics of the substance excreted 
in the urine might vary as the result of different patho- 
logical states. It is possible also that like the erythro- 
cytes of man, and like bacterial proteins—those of the 
Pnenmococci for example—the specimens of Bence-Jones 
protein excreted by different human individuals might 
have specitic differences. The specimens of the protein 
are not all alike physically. There is certainly a great 
difference in their tendency to crystallize, or even to 
precipitate spontaneously; and varying temperatures of 
coagulation have been reported. Finally, the method of 
isolation of the protein from the urine might alter its 
physical, chemical and immunological characteristics. 

The purity of the preparations has undoubtedly affected 
the results of immunological studies on the broad re- 
lationship of Bence-Jones protein to other proteins of 
human origin, particularly the proteins of human serum. 
Until recently, it was held that an animal immunized to 
Bence-Jones protein formed an antibody which pre- 
cipitated human serum proteins. Massini* and Hektoen ° 
have shown that by dilution and absorption of the anti- 
bodies in such sera it is possible with them to show a 
ditference between Bence-Jones protein and human serum 
proteins. In a recent paper.” we have described the 
results of an immunological comparison of Bence-Jones 
proteins with human serum. In this, we showed that a 
crystalline Bence-Jones protein acts as a single antigen, 
causing the production of strictly specific antibodies 
which do not affect the proteins of human serum. On the 
other hand, non-crystalline precipitated preparations of 
Bence-Jones protein were found to contain traces of 
human serum, which were responsible for the production 
of antibodies to human serum when these preparations 
were injected into animals. Aside from the effects attri- 
butable to contamination with traces of other proteins 
in the precipitated preparations, we think that the pro- 
cedures, which will be described below, did not alter the 
fundamental antigenic qualities of the Bence-Jones pro- 
teins used in these experiments. 

Ina preliminary note,” we reported that we had found 
immunological differences between various specimens of 
Bence-Jones protein. In this paper, we shall present in 
detail our evidence for the opinion that Bence-Jones pro- 
tein is not a single substance, but that a group of similar, 
but not identical, proteins have been included in’ this 


designation. 


List OF SPECIMENS OF BENCE-JONES LDROTEIN 
The various preparations of Bence-Jones protein which 
were used in this investigation were obtained as follows: 


TABLE I. 


b. 


No Patient Diagnosis Isolated by: Method of isolation 
5 H.M.R. Bence-Jones D. W. Wilson. Precipitated with 
proteinuria Reported by sodium sulphate 
without de Walters’. and acetic acid 
monstrable washed and dria 
lesions in with alcohol and 
bones. No ether, 
evidence of 
myeloma, 

2. | H.M.R. Do. Do. Coagulated by 
heating at 60°C. 
in slightly acid so 
lution, centrifuged 
and dried with 
alcohol and ether, 

3. H. M. R. Do. Urine. 

4. H. M. R. Do. Do. Crystallization, 

5. | J. E. L, Multiple A. Taylor ®. Precipitated like 

myeloma? No. 1. 
2 e Multiple Guthrie and Coagulated at 
myeloma. Boggs 1°. 60° C, in solution 
made acid with 
acetic acid, filter- 
ed, dried over 
H.SO,. 
7 Ss. Multiple Guthrie and Coagulated, like 


myeloma. Boggs 10, No 


D. W. Wilson. Precipitated like 
Reported by No. 1. 
Walters 8. 


8. | J. E. D. Carcinoma 
with meta- 
stases to 


bones. 
9. J. E. D. Do. Urine. 
10. | RL. Multiple Do. Precipitated like 
myeloma. No. 1. 
11. | R.L. Do. Urine. 
12. ? Multiple Rosenbloom 11 Coagulated 
myeloma. at 60°C. 
The 12 preparations of Bence-Jones protein listed in 


Table | were derived from 5 patients affected with various 
diseases. Of these preparations, one (No. 4) crystallized 
spontaneously in the urine and was purified as completely 
as possible by recrystallization. In the comparison with 
human serum, which we have described, this protein acted 
us a single antigen. All the other preparations listel 
above contained traces of human serum proteins. 

The immunological studies of these preparations were 
precipitin, complement-fixation and 


made by using 


anaphylactic reactions. 
PRECIPITIN REACTIONS 
The antisera to the Bence-Jones proteins used for the 
precipitin and complement fixation reactions were pre 
pared as follows: 
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Rabbit No. 144—was immunized to the crystalline 
Bence-Jones protein No. 4 by 6 intravenous injections of 
a 1% solution of No. 4 at intervals of 4 to 6 days. The 
arst dose was 2 ce., the last, 20 ce. Ten days after the 
last injection, when the rabbit’s serum caused a precipi- 
tate in a 1 to 1,000,000 dilution of a 4% solution of No. 4, 


the animal was bled. 


Rabbit No. 153—was injected intravenously at intervals 
of 4 to 6 days with amounts of a 0.5% solution of protein 
No. 12, to 20 ce. 
the fifth injection, the rabbit was bled. Vrecipitin titer: 


increasing from 5 ce. Six days after 


1-100,000 (dilution of antigen). 


Rabbit No. 189—was immunized to Bence-Jones pro- 
tein No. 7. After 8 injections of amounts of 2 to 6 ec. of a 
°% solution of this protein at intervals of 5 to 5 days, 
the precipitin titer of the serum was 1-2000 (antigen 


dilution. ). 
Rabbit No. 195—was immunized to Bence-Jones protein 


No. 6. of a 


3% solution of this protein were injected intravenously. 


At intervals of 6 days, 1 e¢., 5 ee., and 7 ce. 
Five days after the last injection, when the animal was 
bled, the precipitin titer of the serum was 1-8000 (antigen 


dilution). 


The precipitin tests were made in small clean sterile 
tubes with clear solutions of the antigens and clear sterile 
serum. Vreeautions were taken to eliminate false results 
due to the growth of bacteria in the mixtures. The Bence- 
Jones proteins were dissolved in salt solution with the 
aid of a small quantity of NaOH. The resulting solutions 
were neutralized with HCl until they were only very 
the tests, the dilutions 


faintly alkaline to litmus. In 


were made with normal saline. The pH of all dilutions 


— 


above 1-100 was approximately 7. The various dilutions 


of the antigens were layered upon the undiluted anti- 
Serums, and the first reading made by noting the presence 
or absence of precipitate at the plane of junction of the 
two fluids after they had been in apposition at room 
temperature for 1 hour. The fluids were then mixed, the 
tubes placed in the incubator at 37° C. for 24 hours, and 
a second note made of the sediment in the bottom of the 
tubes. Controls were made by mixing equal quantities of 
each component, serum or antigen, with salt solution and 
by incubating these mixtures with the tests. When pre- 
cipitation occurred in the controls, the corresponding 
tests were discarded or repeated. The results of the pre- 
cipitin tests are summarized in the following tables 
(Tables II, III, IV, V), in the 


Cipitate is indicated by plus (+) signs. 


which amount of pre- 


Precipitin 
protein vs. 


Serum 144 
Anti—wNo. 4 


Precipitation 
with 
Bence-Jones 
protein 


bo 


3 Urine 


9 Urine 
10 
11 Urine 


12 


Precipitin 
proteins, 


Serum 195 
Anti—No. 6 


Precipitation 
with 
Bence-Jones 


protein 


No. 1 


9 


3 Urine 


reactions 


Dilution 


reactions 


Dilution 
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TABLE 


I] 


of antiserum to 


jence-Jones proteins. 


of antigen 


1-100 


TABLE 


IIl. 


of antiserum to 


of antigen 


1-10 


1-100 


crystalline 


No. 


10.000 


6 VS. 


1-1000 


121 


Bence-Jones 


Bence-Jones 


1-8000 
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TABLE IV. 
Precipitin reactions of antiserum to No. 7 vs. Bence-Jones 
proteins, 


Serum 189 


Anti—No. 7 
Dilution of antigen 
Precipitation 
with 
Bence-Jones 1° 1-10 1-100 1-1000 1-2000 
protein 
No. 1 0 rt 0 0 
2 0 0 0 
3 Urine 0 bck. }. 0 0 
t }. 0 0 0 0 
) 0 
6 0 
7 f- of. + 4 r 
8 0 
10 fw otk } ‘ilies 0 


TABLE V. 
Precipitin reactions of antiserum to No. 12 vs. Bence-Jones 
proteins, 
Serum 153 
Anti—No. 12 
Dilution of antigen 


Precipitation 
with 


Bence-Jones % 1-10 1-100 1-1000 1-10,000 
protein 
No. 1 0 0 0 0 | 

2 0 0 0 0 0 
3 Urine 0 0 0 
4 0 0 0 0 0 

5 + 1 

6 T ae 

7 0 4 an woh a 8 4 

8 0 0 a + 0 
9 Urine : t+ }- +. }- + 0 

10 0 0 + + a a 

11 Urine i t + oe ae ae 1 


12 + + +- + +--+ —- 


The results of the precipitin reactions presented in 
Tables II, I11, LV and V may be summarized as follows: 
(a) The highly potent antiserum to the crystalline 
Bence-Jones protein (No. 4), having a titer of 1-1,000,000 


for its homologous antigen, precipitated all the prepara. 
tions of Bence-Jones protein. All, however, were by no 
means affected to the same degree. This antiserum showed 
a definite affinity for the preparations derived from the 
patient H. M. R., precipitating Nos. 2 and 4 to the end 
titer, No. 1 in a dilution of 1-10,000, and a_ 1-100 
dilution of No. 3, which was this patient’s urine. Pro. 
teins Nos. 8 and 9 were precipitated by this antiserum jy 
dilutions up to 1-1000, while Nos. 5, 6, 7, 10, 11 and 12 
were not precipitated when diluted above 1-50. As a con. 
sequence of its high titer, this antiserum demonstrated 
the group or class relationship of the various prepara. 
tions, and at the same time indicated the sub-grouping 
among them. It is to be recalled that the preparation 
used to immunize the rabbit which produced this serum 
was free from human serum proteins. This antiserum 
did not precipitate human serum. The precipitin re 
actions with it, therefore, are strictly specific for Bence 


Jones proteins. 


(b) The antiserum to Bence-Jones protein No. 6, hay 
ing a titer of 1-8000, showed no affinity for the isolated 
protein from patient H. M. R. (Nos. 1, 2 and 4). As 
preparation No. 6 contained a trace of serum proteins, 
its antiserum also precipitated human serum. To this is to 
be attributed the precipitate produced when it was added 
to No. 8, the urine from H. M. R., which contained some 
serum proteins. While this antiserum slightly affected 
the other preparations of Bence-Jones proteins, it did 
not precipitate any one of these in a dilution above 1-100. 


(c) The antiserum to preparation No. 7 also included 
a precipitin for human serum proteins, as its antigen 
contained traces of these proteins. It caused precipita- 
tion with all the preparations of Bence-Jones proteins. 
The preparations from the patient H. M. R., however, 
(Nos. 1, 2 and 4) were precipitated only in concentrated 
solutions. On the other hand, proteins Nos. 5, 6, 8 and 
10 were precipitated by this serum to its end-titer. 


(d) As Bence-Jones protein No. 12 contained traces 
of human serum proteins, its antiserum precipitated 
human serum. This antiserum did not precipitate prepat 
ations Nos. 2 and 4, the coagulated and crystalline pro 
tein from patient H. M. R. Preparations Nos. 1 and + 
from the same patient, containing traces of serum pre 
teins, were precipitated in concentrated solutions by the 
antiserum to No. 12. The other preparations were pre 
cipitated to almost the end-titer by this serum. 


While this series of comparisons is not large, it indi 


cates that there are antigenic differences between these 
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preparations of Bence-Jones proteins. Two distinct 


eroups are recognizable, namely : 
Crystalline Bence-Jones protein No. 4, and 
3 from patient 


GRO! r I. 
other preparations, Nos. 1, 2 and 
Hi. M. R. 


Grovurv I1—Bence-Jones proteins Nos. 5, 6, 7, 8, 10 


and 12. 
in addition, there are certain less sharply defined dif- 
ferences between the proteins listed in Group Il. For 
example, proteins Nos. 5 and 6 seem to be representatives 
of different groups. 


An attempt was made to define these groups more 


sharply by applying the method of the absorption of 


precipitins. The conditions which at present limit the 
applicability of this method were discussed in our previ 
ous paper in relation to the removal of the antibody to 
human serum proteins from some of these antisera. The 
method was found to be unsatisfactory with the sera and 


solutions of proteins used in this investigation. 
REACTIONS 


COMPLEMENT FIXATION 


Tests were made to determine the ability of the anti- 
sera to the crystalline Bence-Jones protein No. 4 and to 
protein No. 12 to fix complement in the presence of the 
The sera were diluted with 


salt 


other Bence-Jones proteins. 


equal quantities of normal solution and heated to 


56°C. for half an hour. To 0.25 ce. of each serum was 


added 0.25 ec. of a 1-20 dilution of a 4% solution of each 


-20 dilution of urine contain- 


_ 


Bence-Jones protein, or a 
ing Bence-Jones protein. These dilutions were found by 
preliminary titrations to be beyond the limit of their 
unticomplementary action, except in the case of No. 2. 
They were, however, just within the range of the effective 
concentration for the occurrence of precipitation. These 
sterile mixtures were allowed to stand for 10 hours at 
20°C. to permit precipitation to occur. At the end of 
that time, 0.25 ce. of a 1-10 dilution of fresh guinea-pig 
serum was added to each tube, and the tubes incubated 
in the water-bath at 87°C. for 4% hour. After this in- 
cubation, 0.25 cc. of antisheep red-corpuscle serum, con- 
of 2.5% 


taining 3} units of amboceptor, and 0.25 ce. 
suspension of sheep corpuscles were added, and the tubes 
returned to the water-bath. Readings of the presence or 
absence of hemolysis were made at the end of 1 hour, 
When all the controls showed the expected results. In 
the following table, in which the results of these tests 
are collected, the degree of complement fixation is indi- 


cated by plus signs (+). 


TABLE VI, 


Complement Fixation Reactions, 


Bence-Jones Dilution of 


Serum ontigan outionn Results of fixation tests 

Serum 144 No. 1 1-40 
Anti—No. 4 2 1-20 anticomplementary 
Dil. 1-2 3 1.20 

4 1-20 ++ + 

5 1-20 

6 1-20 } 

7 1-20 0? 

8 1-20 

9 1-20 

10 1-20 

11 1-20 

12 1-20 
Serum 153 No. 1 1-20 0 
Anti—No. 12 2 1-20 anticomplementary 
Dil. 1-2. 3 1-20 0 

4 1-20 0 

5 1-20 0 

6 1-20 

7 1-20 

~ 1-20 

9 1-20 

10 1-20 

11 1-20 

12 1-20 


The complement fixation reactions show the general 
group relationship between the Bence-Jones proteins, and 
in addition they confirm the results of the precipitin re 
actions in demonstrating a great antigenic difference 
between Bence-Jones protein No. 12 and the preparations 
from patient H. M. R., represented by the crystalline 


protein No. 4. 
ANAPHYLACTIC REACTIONS 


and of 
animals 


The anaphylactic 
smooth-muscle preparations 


responses of guinea-pigs 


from these were 


used to continue the immunological analysis of the Bence- 


Jones proteins. Young females, weighing about 150 
grams, were sensitized by an intravenous injection of 


1 cc. of a 1.5% solution of some of the proteins. This 
injection was not followed by any toxic symptoms. After 
an interval of 18 to 21 days the second intoxicating in- 
jection was given intravenously, or uterine horns were 
excised from some of the sensitized virgin guinea-pigs 
and used to obtain graphic records of the anaphylactic 
Schultz and 
Sensitization was easily effected by a single in- 


contractions according to the method of 


Dale,.** 
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jection of the proteins, except No. 4. For the experiments 
with this protein it was necessary passively to sensitize 
the guinea-pigs by an intraperitoneal injection of 1 ce. 
144, which contained precipitin specifie for 
protein No. 4. Eighteen hours after this injection the 
animals were found to be hypersensitive to protein No. 4. 


of serum 


The data of the experiments and the results of the ana- 
phylactie reactions are summarized in Table VII and 
Figures 1, 2 and 3. 

In interpreting the data of these anaphylactic reactions, 
it is to be borne in mind that all the preparations of 


[No. 374 


The anaphylactic reactions confirm the results of the 
fixation. 
They show clearly that the protein from H. M. R., repre 
sented typically by the crystalline preparation No. 4, jg 
distinct from the others, and that Bence-Jones proteins 
Nos. 5 and 12, while having some similarity, are probably 


experiments with precipitins and complement 


representatives of other groups. 


SUMMARY AND COMMENT 


Twelve preparations of Bence-Jones protein obtained 


by various procedures from the urines of 5 patients, who 


TABLE VII. 


Anaphylacti« 


Sensitizing dose 
Guinea Pig , Interval 
Bence-Jones protein 
230 No. 1, lee. 1.5% sol. 19 days 
231 No, 1, lee, 1.5% sol. 19 days 
232 No. 1, lee. 1.5% sol. 19 days 
233 No. 1, lee, 1.5% sol. 19 days 
234 No, 1, lee. 1.5% sol. 19 days 
194 No. 5, lee. 1.5% sol. 19 days 
293 No. 5, lee. 1.5% sol, 19 days 
294 No. 5, lee. 1.5% sol. 19 days 
296 No. 5, Lee. 1.5% sol. 19 days 
270 No. 12, lec. 1.5% sol. 19 days 
27 No. 12, 1 ce 1.5% sol. 19 days 
272 No. 12, lec. 1.5% sol. 19 days 
273 No. 12, lec. 1.5% sol. 19 days 
274 No. 12, lec. 1.5% sol. 19 days 
5 Passively sensitized to 18 hours 
No. 4 


Bence-Jones proteins, except No. 4, contained traces of 


human serum proteins. As we were unable to measure 
the amounts of serum proteins in the various prepara- 
tions, we are unable to correlate the results of these re- 
actions with that factor. The solutions of some of the 
preparations may have contained sufficient serum pro- 
teins to sensitize the animals to those proteins as well 
as to the Bence-Jones protein component of the mixture, 
while they may or may not have contained enough serum 
proteins to cause shock attributable to serum proteins 
in the intoxicating dose. The error due to the common 
effect of the presence of serum proteins would undoubted- 
ly confuse the result, and would tend to emphasize the 
similarity of the preparations of Bence-Jones protein. 
Nevertheless, the differences exhibited by some of the 
proteins used in these reactions are so considerable that 
their significance in most instances is quite clear. 


No, 4, 


Nos. 1, 4, 6, 7, 8, 10, 13, 


See Figs, 1 and 2. 

No. 5, 0.23 ec. 4% sol. 

No. 4, 1.5 cc. 4% sol. No reaction. 
1 


No. 1, 


No. 12, 0.75 ee. 4% sol. 


No. 5. 1 ec, 4% sol, 


See Fig. 3. 


Reactions 


Intoxicating dose 


of RESULT 


Bence-Jones protein 


No. 1, 2c. 4% sol. Typical shock, death in 1 min. 
Slight reaction. 

Shock. Death. 

Shock. Death. 


Shock. Death. 


.» ec. 4% sol. 
No, 8, 1.5 cc. 4% sol. 


] 
No. 5, 1.5 ee. 4% sol. 
1 
No. 10, 1 


ee. 4% sol. 


Excised uterus. 


Lec. each, No contraction caused by Nos. 


No. 5. a = 2 Ae a ee 


Strong contraction caused by 
No. 5. 
Severe Shock. 


bce. 4% sol. No reaction, 


Shock. Death. 
Shock. Death. 


No, 4, lee. 4% sol. No reaction. 
No. 1, lee. 4% sol. No reaction. 
No. 1, lee. 4% sol. No reaction. 
lec, 4% solutions of Nos. No contraction caused by Nos. 


5, 6, 7 and 4. 5, 6 7. Strong contraction 
2 followed by desensitization 


caused by No. 4. 


had Bence-Jones proteinuria associated with several dif- 
ferent immunologically. Pre 


cipitin and complement fixation tests and anaphylactic 


diseases were compared 


reactions were studied with these preparations and the 
antisera obtained by immunizing rabbits to some of them. 
One of the proteins, No. 4, was crystalline and acted in 
this, as in a previous investigation,” as a single antigen, 
free from serum proteins. The other preparations preci: 
pitated from urine by various means, contained traces 
As these preparations con 
which was not 
confusion 


of human serum proteins. 
two antigens, one of 
measurable, difficulties and 
Nevertheless, the results obtained in 


tained at least 


precisely some 
attended their use. 
experiments with the crystalline protein were unequivocal, 
and most of the reactions with some of the other prepara- 
tions were sufficiently clear for the purposes of this it 


vestigation. 
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Differences and similarities were demonstrated among 
these proteins. The methods used in isolating the pro- 
teins had no appreciable effect upon their immunological 
relationship, nor was there any obvious correlation 
between the types of the proteins and the diseases affect- 
ing the patients who excreted them. Of course, more 
specimens of Bence-Jones protein from various different 
pathological, and perhaps normal sources must be 
examined in this manner before it can be asserted posi- 
tively that neither the disease with which the proteinuria 
is associated nor the method of isolation of the specimen 
determines the basic antigenic character of the protein. 
It is suggested, however, that such differences as exist 
may be related to the fundamental impress which an 
organism, bacterium or animal, places upon most of the 
proteins Which are formed in its body. 

From the immunological reactions of the preparations 
used by us, we are able to draw the following conclusions: 


CONCLUSIONS. 
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2. Certainly two, and possibly three groups of Bence 
Jones proteins are recognizable by immunological tests. 
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1. Under the term “Bence-Jones protein” have been 


STUDY ON EXPERIMENTAL RICKETS. XIX. 


THE PREVENTION OF RICKETS IN THE RAT BY MEANS OF RADIATION 
WITH THE MERCURY VAPOR QUARTZ LAMP 
By G. F. Powers anp E. A, Park 
(Dept. of Pediatrics, Yale University, New Haven, Conn.) 
P. G. SHIPLEY 
(Dept. of Pediatrics, Johns Hopkins University, Baltimore, Md.) 


E. V. McCoLLum anp NINA SIMMONDS 
(School of Hygiene, Johns Hopkins University, Baltimore, Md.) 





In a previous article’ we showed that when rats were 
placed On a rickets-producing diet (diet 3143) they did 
not develop rickets if they were exposed to direct sun 
light. 

The Prevention of the Development of Rickets in Rats by 
Sunlight. XI. P. G. Shipley, Dept. of Pediatrics, Johns Hopkins 
University, Baltimore, Md., E. A. Park, G. F. Powers, Dept. of 
Pediatrics, Yale University, New Haven, Conn., E. V. McCol- 
lum and Nina Simmonds, School of Hygiene, Johns Hopkins 
University, Baltimore, Md. Proc. Soc. for Exper. Biol. and Med.. 
Oct, 19, 1921, 

STUDIES ON EXPERIMENTAL RICKETS. XIV. The Pre- 
vention of the Development of Rickets in Rats by Sunlight. 
P. G. Shipley, Dept. of Pediatrics, Johns Hopkins University, 
Baltimore, Md., E. A. Park, G. F. Powers, Dept. of Pediatrics, 
Yale University, New Haven, Conn., E. V. McCollum and Nina 
Simmonds, School of Hygiene, Johns Hopkins University, Bal- 
timore, Md. Jour. Am. Med, Assn., Jan. 21, 1922, Vol. 78, pp. 
159-165. 


In the résumé of the literature on the subject of light 
in relation to rickets which is introductory to that article, 
attention was called to the fact that radiation other than 
sunlight had been used to prevent or cure rickets in hu 
man beings. Buchholz used the “Gliihlicht’” which he 
stated was poor in chemically active rays; Huldschinsky, 
Puizig, Karger, Riedel, Erlacher and Mengert reported 
the use of the mercury vapor quartz lamp, and Winkler 
the use of the X-ray. 

All the evidence as to the preventive and curative 
effects of the radiations from the mercury vapor quartz 
lamp in the rickets of human beings has been furnished 
by the X-ray. In order to determine the protective action 
of these radiations in experimental rickets in rats and 
also to examine the bones themselves we performed the 


following experiments: 
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Nineteen rats, mostly mixed black and white and about 
seven weeks old, were placed on diet 3148 which, as pre- 
vious experience has shown, produces rickets comparable 
in every respect to the rickets manifesting itself in hu- 
man beings. The ration has the following composition : 

Per cent 


ee pine ae 33.0 
Maize . i 33.0 
Gelatin 15.0 
Wheat Gluten 15.0 
yee ‘ ; 1.0 
CaCO, P ; : ; eg 3.0 


It contains nearly twice the optimal content of calcium 
and is deecidely below the optimum in its content of phos- 
phorus and of fat-soluble A. Otherwise it is well consti- 
tuted. 

Nine rats were kept as control animals under ordinary 
laboratory conditions in a room completely screened with 
windows of ordinary glass. Ten rats were exposed to the 
radiations from a Hanovia mercury vapor quartz lamp 
(Alpine type). 

One of the control animals (16Y) was found paralyzed 
thirty-eight days after being placed on the diet (age about 
eighty-eight days) and was killed. We have previously 
that 
posterior extremities not infrequently occurs in rats fed 
Another control animal (26Y) was killed 


pointed out the development of paralysis of the 
on diet 5145. 
fifty-eight days after being placed on the diet (age about 
one hundred and eight days); and the other seven ani- 
mals were killed sixty-four days after being placed on the 
diet (age about one hundred and fourteen days). 

The rayed animals were exposed to the radiations from 
a mercury vapor quartz lamp for varying periods of time 
for sixty-four days and were then killed. The animals 
were exposed to the radiations for two minutes on the 
first day; the period was gradually increased during the 
succeeding seven days to one hour daily; for the succeed- 
ing fifty-six days of the experimental period the animals 
were rayed for two to six hours daily, the length of time 
being determined largely by the availability of the lamp. 
The cage used was constructed so that animals could not 
The floor of 


the cage was placed three feet from the quartz tube.* 


be shielded in any way from the radiations. 
The rayed animals never showed conjunctivitis, but 


STUDIES ON EXPERIMENTAL RICKETS. VIII. The 
Production of Rickets by Diets Low in Phosphorus and Fat- 
Soluble A McCollum, E. V., Simmonds, Nina, Shipley, P. G.., 
Park, E. A Jour. of Biol. Chem., Vol, XLVII, No. 3, August, 
1921. 

*We have found since the conclusion of these experiments 
that, before our use of the Alpine Lamp was begun, it had 
depreciated about eighty-five per cent (estimated) in its out- 
put of ultra-violet rays. This estimate was purely a guess 
made by a representative of the Hanovia Company, but of its 
essential truth we have no doubt. Prolonged exposure to the 
radiations of the lamp has not caused pigmentation of the 


skin in children 


early in the experiment spots of pigmentation on the ears 
of some of them were observed ; this was especially marke) 
in the albinos. This pigmentation was not present at 
the time the animals were killed. The albinos among the 
rayed animals showed slight yellow tinting of the hair oy 
their backs. 

As the experiments progressed, certain differences jj 


the behavior of the two groups of animals were observed. 
The rayed animals were extremely active, the contrast 
between the two groups becoming more and more marked 
and reaching its maximum in the second third of the 
experimental period. Whenever amy one came near the 
cage in which these animals were, a constant scurrying to 
and fro was almost always the striking feature observed, 
Not only were the control animals markedly less active, 
but their gait was distinctly waddling in character after 
the third or fourth week of the experiment. The disabil 
ity of the control animals was well illustrated by the faet 
that toward the end of 
animals got out of their cage and were all recovered with 
relatively little difficulty. 

The rayed animals always seemed to be hungry and, al 


the experiments seven of the 


though the food given to each group was not measured, it 
Was obvious that the amount consumed by the animals re 
ceiving mercury lamp radiations greatly exceeded that 
consumed by those in the control group. Increased appe 
tite, then, was a striking characteristic of the rayed 
animals. 

One of the raved animals gave birth to six voung on the 
thirty-seventh day of the experiments. 

The autopsies revealed many differences in the animals. 
As shown in the following table, the measurements corro 
borate the observations made as to the better pliysical 


development of the animals exposed to the radiations 


from the mercury vapor quartz lamp. Per cent 
Control Radiated Ra eey : 
Animals (8) Animals (9) Cont 
Average Weight 140 grams. 157 grams 12 
Average Nose-Tail Length 51.6 em. 34.5 em. 9 
Average Nose-Rump Length 15 em. 16.1 ecm. 7 
Average Tail Length 16.6 cm. 18.4 em. 10 


The hair of the rayed animals was noticeably thicker 
and coarser than that of the control animals. The hair 
on the backs of the albino rats exposed to ultra-violet 
rays was tinted a slight lemon yellow. There was ne 
enlargement of the epiphyseal junctions in the raved ani 
mals. On opening the bodies of the rayed animals the 
most striking feature was the great amount of fat de 
posited in the subcutaneous tissue and in the peritoneal 
In some animals this deposition was tremen 


It occurred in some of the control rats but was 


cavity. 
dous. 
The muscular development of the rayed 
There 


never great. 
rats was better than that of the control animals. 
were no deformities of the thorax and no gross evidences 
of rickets in the long bones of the rayed animals. 

The contro] rat (16Y), autopsied thirty-eight days afte! 
the beginning of the experiment, showed the typical pit 











the 


vals 
nro 
ical 
ions 


nt 
a 


cket 
hait 
iolet 
s iW 
ani 
; the 
t de 
meal 
mel 
was 
“ved 
‘here 


CTLCeS 


after 
] pit 





THE 


OHNS HOPKINS HOSPITAL 


» : seSys 


ae" 


BULLETIN, APRIL. 


1922 


PLATE XVII 

















Apri, 1922] 


ture of advanced rickets. The incisor teeth were brittle, 
the molar teeth were loosened; there was enlargement of 
the knees and wrists; the costo-chondral junctions were 
enlarged and bent inwards, and there were numerous 
fractures of the ribs. The tibiae and femora on section 
showed the typical gross picture of rickets. 

The other control animals, autopsied about four weeks 
later, showed less marked but equally definite signs of 
rickets. The teeth were only slightly more easily frac- 
tured than normal. There was moderate enlargement of 
the epiphyses of the long bones of the extremities. The 
costo-chondral junctions were enlarged but there was 
little deformity of the chest and no well marked fractures 
of the ribs. The bones of the extremities cut with dimin 
ished resistance and in the femora of some there were 
gross evidences of rickets on section, The viscera showed 
no pathological changes. The amount of subcutaneous 
and peritoneal fat was much less than in the rayed ani- 
mals. The muscles of the control animals were relatively 
poorly developed, 

Microscopic examinations of the bones were confirma- 
tory of the gross findings. In sections of the long bones 
of the rayed animals there were no evidences of rickets. 
The line of demarcation between the cartilage and shaft 
was sharp and clear cut. The deposition of calcium in 
the provisional zone of cartilage was heavy and complete. 
The trabeculae showed only the thin margin of osteoid 
which is seen in healthy, growing animals and which must 
be regarded as physiological. 

The sections of the long bones of the control animals 
without exception showed rickets, but in some specimens 
The tra- 
beculae in all sections were surrounded by broad osteoid 
borders and the calcification of the provisional zone of 
irregular. 


the rachitic process was moderate in severity. 


cartilage was fragmentary and exceedingly 
The degree of rickets usually found in rats on this diet is 
more severe than is shown in some of the specimens from 
these animals. This is probably explained by the fact 
that the animals were fifty days old when placed on the 
diet and were in some instances one hundred and four- 
teen days old when killed. During the period covered by 
the experiments, therefore, activity in growth was declin- 
ing and with it there was a decline in the activity of the 
rachitic process. 
DISCUSSIONS 

rom this experiment it is possible to say that rats fed 
on the rickets-producing diet (diet 3143) are protected 
from that disease by exposure to radiations from a mer- 
cury vapor quartz lamp. It is possible to say further that 
radiations from the mercury vapor quartz lamp affect 
hot the skeleton alone but indeed the whole organism. 
While the development of a normal skeleton in the rayed 
animals is a “striking, visible and measurable” effect of 
the radiations on a single tissue, growth, good muscular 
development, storage of fat, improvement in the condi- 
tion of the hair, stimulation of sexual development and 


JOHNS HOPKINS HOSPITAL BULLETIN 127 





reproductive power are evidences that the radiations 
have a favorable influence upon the animals as a whole. 
So far as we are able to discern, the action upon rats fed 
the rickets-producing diet (diet $148) of the radiations of 
a mercury vapor quartz lamp in securing an efficient utili 
zation of the substances which are directly or indirectly 
concerned with ossification and calcification and in pro 
moting general bodily vigor is in no way different in 
respect to these matters from the action of cod-liver oil 
and of sunlight. 
SUMMARY 

1. The object of the experiments was to determine 
whether or not radiations from a mercury vapor quartz 
lamp prevent the development of rickets in the rat. 

2. A diet was employed which at room light regularly 
gives rise to a disease identical in its essential features 
with rickets as seen in the human being. The diet was 
high in calcium, low in phosphorus and was insufficiently 
supplied with fat-soluble A. In other respects it was well 
constituted. 

3. Nineteen rats were placed on the diet. Ten were 
exposed to radiations from a Hanovia “Alpine” mercury 
vapor quartz lamp for varying periods of time daily over 
a period of sixty-four days. Nine rats were kept under 
conditions of ordinary room light as control animals. 

t, One of the control animals was killed after thirty- 
eight days; another after fifty-eight days and the remain 
ing seven after sixty-four days. All of these animals 
showed gross and microscopic evidences of rickets. 

5. The ten rats exposed to the radiations from the 
mercury vapor quartz lamp were killed after sixty-four 
days. These animals were free from rickets both grossly 
and histologically. 

6. The beneficial effects of the radiations from the 
mercury vapor quartz lamp were not limited to the skel 
eton, since the condition of the rayed animals underwent 
a general improvement. 

7. The effects of the radiations of the mercury vapor 
quartz lamp on the growth and calcification of the skele 
ton of the rat and on the animal as a whole seem to be 
similar to, if not identical with, those brought about by 
direct sunlight and by cod-liver oil. 


DESCRIPTION OF PLATES 

Figs. 1 and 2. Microphotographs of sections of femora of 
rats fed on diet 3143 and exposed to radiations from a mer- 
cury vapor quartz lamp. Note sharp demarcation between 
shaft and cartilage at metaphysis (a), the heavy calcification of 
provisional zone of cartilage (b), and the wide bony trabe- 
culae without osteoid borders (d). 

Figs. 3 and 4. 
rats fed on diet 3143 and kept at room light. Note wide 
irregular metaphysis. 


Microphotographs of sections of femora of 


Fig. 3. a—Proliferative cartilage. 
a—lIslands of cartilage with (bFig.3) deposition of 
calcium on the diaphyseal side. 
c—Osteoid trabeculae. 
Fig. 2. b—Cartilage is irregular and uncalcified. 
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A GRAPHIC METHOD FOR THE CALCULATION OF DIABETIC DIETS 
IN THE PROPER KETOGENIC-ANTIKETOGENIC RATIO 


By R. R. Hannon, M.D., Aanp Wa. S. McCann, M.D. 


(From the Chemical Division, Medical Clinic, Johns Hopkins Hospital, Baltimore, Md.) 


The study of the balance between ketogeniec and anti- 
ketogenic substances in the metabolism, having been put 
on a quantitative basis by the admirable work of 
Shaifer, 
the treatment of diabetes mellitus. Shaffer found that the 


almost immediately found its application in 


ketogenic substances were the fatty acids, and certain of 
the amino acids of protein, The antiketogenic substances 
were glucose, the glucose yielding amino acids of protein 
and the glycerol of the fat, which is known to be capable 
of yielding glucose? It was found that the complete 
oxidation of ketogenic substances did not take place 
unless there were present at least one molecule of anti- 
ketogenic substance for each molecule of the ketogenie. 
Shatfer arrived at these conclusions on the basis of tn 
vitro experiments, metabolic observations on starving 
subjects and diabetic patients, including studies of the 
respiratory exchange. 

Woodyatt ® has applied Shatfer’s data to the calen- 
lation of diets for diabetic individuals in whom it is 
desirable to preserve the proper balance between keto- 
genic and antiketogenic substances. He has converted 
Shaifer’s figures for the molecular proportions into terms 
of grams of the various foodstulfs. The antiketogenic 
substances are reduced to the term available glucose or G, 
which equals the sum of glucose avaiable from free 
carbohydrate, the carbohydrate moiety of the protein 
molecule, and that which may arise from glycerol of the 
0.58 P+0.1 F+C, 
grams of fat, and C 


fats. Thus G where P=grams of 


protein, F grams of carbohydrate. 
In calculating the ketogenic substances, expressed as 
available fatty acids or FA, Woodyatt has not followed 
Shatfer’s figures closely. For instance, 42% of the weight 
of protein is made up of amino acids which do not yield 
glucose. Of these only three, leucine, phenylalanine, and 
tyrosine, are known to be ketogenic, making up only 23% 
of the total weight of protein. Woodyatt calculates 
FA=046 P+0.9 F. In view of the unknown behavior 
of the remaining amino acids of protein it is believed 
that Woodyatt’s estimate is on the safe side. 
Woodyatt estimates that the equimolecular ratio of 
ketogenie to antiketogenic substance obtains when 
FA 1.5 046P7P+0.9F 


G tt O058P+01 F+C 
This on being simplified gives the expression 
ir—2 C+0.5466 P. 
In discussing the objects of dietary adjustment in 
diabetes, Woodyatt has called attention to a fundamental 


conception which has been overlooked by practitioners 
who have followed the methods of treatment of diabetes 
largely in vogue in the past few years. This is the faet 
that the tolerance of the patient for glucose cannot be 
estimated simply from the amount of free carbohydrate 
in the diet, but that it must be estimated in terms of 
available glucose from all sources. That since the meta- 
bolism goes on uninterruptedly during starvation con- 
siderable amounts of glucose may be arising in the organ- 
ism especialiy if the protein metabolism is high. He 
showed in an illustrative case, a patient with severe 
diabetes in whom the protein metabolism was presumably 
high (urinary nitrogen figures not given), that the giving 
of a diet low in protein with considerable fat and free 
carbohydrate was well borne. This was presumably due 
to a sparing of body protein by fat, in keeping with the 
results of Newburgh and Marsh,” though unfortunately 
exact calculations cannot be made, as there were no data 
regarding urinary nitrogen or heat production of. the 
patient, except a rough calculation of the requirements 
based on body weight. 

However, the conceptions of diabetes set forth above 
seemed so rational that it was determined to introduce 
it in the practice of the medical clinie of the The Johns 
Hopkins Hospital. Since its introduction very  satis- 
factory results have been obtained. To facilitate the 
work of preparing the diet prescriptions one of us (R. HL.) 
has prepared the graphie chart, Fig. 1, which has been 
so useful that we have been led to make it available for 
general use. <All points on the graph bear the relation- 
ship between protein, fat and carbohydrate expressed in 
Woodyatt’s equations previously given. The chart is 
given much additional value by reason of the fact that 
it provides for the calculation of this relationship over 
a wide range of levels of protein metabolism. In the plan 
outlined by Woodyatt’ the total caloric requirement 
of the patient was estimated on the basis of body weight, 
and an arbitrary figure for protein was used, 1 gram 
protein per kilogram of body weight. It seemed more 
rational to estimate the measure of total metabolism in 
terms of calories per square meter of body surface area, 
and to consider the protein metabolism in terms of per 
centage of the total. Thus, on the graph, diagonal lines 
represent the total calories. Radiating lines from the 
intersection of the axes represent the percentage of total 
calories in the form of protein. The ordinates represent 
grams of protein, the abscissae the grams of carbohydrate 
which are required to maintain ketogenic-antiketogenic 
balance for any given level of protein metabolism. Thus 
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if the patient requires 2000 calories per diem, and if it 
ig desired to give 10% of the calories in the form of 
protein, the point of intersection of the 2000 caloric line 
and the 10% line locates on the ordinate 49 gms. of pro- 
tein, and on the abscissa 68 gms. carbohydrate. 


(calories from protein-+-carbohydrate) 


9.3 


Total calories grams fat. 


To avoid this latter calculation a second graph has been 
superimposed upon the first. A vertical line AB, parallel 
to the ordinate axis, is intersected at various points by the 
radiating percentage lines. For each intersecting point 
a second ordinate seale gives the ratio of fat to carbo- 
hydrate F/C. This is the factor by which the weight of 
carbohydrate must be multiplied to give the requisite 
number of grams of fat. 

line intersects the line AB at a point 
Then the number of 
The prescribed 


Thus the 10% 
which indicates that F/C is 2.39. 
crams of fat required 2.39 X 68=162.5. 
diet would then be protein 49 gm., carbohydrate 68 gm., 
fat 162.5 gm. This diet would furnish 1920 calories, and 
would yield a maximum of 113 grams of glucose in the 
metabolism. 

If the minimal protein metabolism for a particular 
diabetic patient were known (urine N. figures), and 
if his caloric requirement were properly estimated or 
measured, it would then be possible to find the minimum 
carbohydrate and the maximum fat allowable if the 
patient is to be maintained at the minimal level of 
nitrogen balance. For instance, a man 30 years old, 170 
cm. in height, weighing 60 kg., requires at least 1612 
calories per diem. After a period of observation on a 
diet furnishing 59 of the calories from protein, it is 
found that his protein metabolism, as shown by the 
urinary nitrogen excretion, has reached a minimum of 
50 grams per diem. Reference to the chart shows that 
this constitutes 12.6% of his total metabolism. If a diet 
is to be given which will just cover this minimal protein 
requirement (50 gm. protein), the quantity of carbo- 
hydrate which is prescribed will be 51 gms., and of fat 


ore 


2.5351 gms.=129 gms. 

It will be found interesting to make the following 
calculation of two diets each furnishing 2000 calories 
from the graph. In one case the protein forms 40% of 
the total energy value. In the other case protein fur- 
nishes only 10% of the total energy. 


2000 calorie diets. . Available 


P F Cc Glucose 
40% Protein Cals. 195 125 9 134.6 
10% Protein Cals. 49 165 68 112.9 


It will be seen that a patient, whose tolerance might 
be just sufficient to permit the taking of 2000 calories 
with the smaller amount of protein, would probably 


develop hyperglycemia or glycosuria if the same number 
of calories were given with the higher percentage of 
protein. The diet containing less protein permits the 
use of much greater amounts of free carbohydrate. 


It is of interest also in this connection to consider 
the diet of the Eskimo, which has been studied by Krogh 
and Krogh,’ who found that about 44% of the total 
energy was derived from protein. The graphic chart 
shows at a glance that in such a dietary very small 
amounts of free carbohydrate serve to prevent keto 
genesis. 

It is a matter of common observation, to which atten 
tion has been called by Allen and DuBois,’ that the 
level of protein metabolism is almost invariably high in 
patients with severe diabetes and acidosis. One might 
well ask, therefore, whether an increase in amount of 
protein metabolized may not be one of the mechanisms 
by which the diabetic organism protects itself against 
undue ketogenesis. 

At a recent meeting of the American Society of Bi 
ological Chemists, Shaffer made a further report of 
his studies on antiketogenesis which indicated that at 
times as much as two molecules of fatty acid can be 
metabolized completely in the presence of one molecule 


Since the 2: 


of antiketogenic substance. 1 ratio does not 
hold in all cases, it has seemed much better to adhere to 
the formulae constructed on the basis of the 1:1 ratio, 
as this gives a small margin of safety. The data regard- 
ing the molecular proportions of ketogenic and anti 
ketogenic substances in the metabolism of our patients 


will be given in a subsequent communication. 
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ALVEOLAR AND BLOOD GAS CHANGES 


FOLLOWING PNEUMECTOMY 


By Georce J. Hever and W. D. W. ANprRus. 


(From the Hunterian Laboratory of Experimental Surgery.) 


In some previous experiments ' it was found that very 
shortly after the removal of one lung the remaining lung 
would begin to enlarge, and by this enlargement eventual- 
ly would fill the entire thoracic cavity. As the lung en- 
larged, it displaced the heart so that this organ later 
came into contact with the lateral thoracie wall, and by 
necropsy examinations it was repeatedly demonstrated 
that when the heart was in contact with the thoracic 
wall the enlarged lung completely filled the thorax. A 
method was, therefore, at hand of following the enlarge- 
ment of the lung by observing the displacement of the 
heart with the fluorescope, and as a result of many 
examinations it was found that the lung which remained 
after a total pneumectomy completely filled the thorax 
in from four to six weeks. The capacity of the lung to 
this compensatory enlargement seemed 


undergo very 


great. Even when not only the entire lung upon one side 
but the largest of the three lobes upon the other side 
were removed, the two remaining lobes of one lung, with 
the exception of the space obliterated by the retraction of 
the thoracic wall and the elevation of the diaphragm, 
would enlarge to fill the entire thorax. As to the exact 
nature of this enlargement we have no knowledge at 
present, but some work to determine this point is being 
carried on in the Hunterian Laboratory. 

This anatomical change in the remaining lung we have 
naturally considered a compensatory enlargement—an 
attempt on the part of the organism to replace the loss 
of lung tissue. As has been stated, the enlargement begins 
early, but it requires from four to six weeks to reach 
its maximum. Yet during this period of four to six 
weeks the animals apparently do not suffer from the lack 
of lung substance. They are lively and active; they are 
not dyspneic. We have thought, therefore, that there must 
be some immediate functional compensatory mechanism 
whereby the respiratory needs of the animal are probably 
assured, until the comparatively late anatomical changes 
in the remaining lung shall have taken place. The purpose 
of the present work was to discover whether or not there 
was such an immediate compensatory mechanism. 


In such a mechanism probably the circulation and 


respiration both play a part, the circulation by an jp. 
crease in the rapidity of blood flow through the remaining 
lung, the respiration by changes in the alveolar air and 


blood gases. It is only with the latter—the changes jy 





the alveolar air and blood gases—that this report con- 
cerns itself. 

Meriiops.—In animals, the subjects of these experi- 
ments, determinations of (1) the alveolar carbon dioxide 
content, (2) the alveolar oxygen content, (3) the carbon 
dioxide content and capacity of the blood plasma, (4) 
the oxygen content and capacity of the whole blood, (5) 
the hemoglobin content and red cell count, were made 
before operation to serve as controls for subsequent 
similar determinations. The alveolar air was collected 
by the Plesh ° method, the animals rebreathing a certain 
amount of air from a bag until equilibrium was 
established between it and the air in the lungs. Samples 
from the bag were then analyzed in a Haldane apparatus 
The 


analysis of the blood were made by the method of Van 


for carbon dioxide and oxygen. collection and 
Slyke,** all necessary precautions being taken to elimi- 
nate contact of the blood with the air or loss of blood 
gases by diffusion. All samples both of air and blood were 
obtained after the dogs had been absolutely at rest for at 
least ten minutes. The observations on the alveolar air 
and blood gases were made immediately after operation, 
24 hours after operation, three and five days after opera: 
tion, and thereafter at intervals of several days to a 
week. Controls were made upon animals subjected to 
operations other than pneumectomy, in order to eliminate 
the possible effects of operations themselves upon our 
findings. 

SumMary or Resuits.—(a) Effect on Alveolar Carbon 
Dioxide. The increased ventilation of the lungs due to 
anesthesia causes a fall in the alveolar carbon dioxide 
tension. After operation, however, the alveolar carbon 
dioxide tension rises, and within 24 hours is about equal 
to or above the normal value as determined before opera: 
tion. It continues to rise until about the eleventh day, 
then gradually falls, reaching normal by about the 


twenty-fifth day (Curve 1). 
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(b) The Effect on Alveolar Oxygen. Anesthesia causes 
a rise of the alveolar oxygen of approximately 2 per cent 
above the normal value as determined before operation. 
Following operation the alveolar oxygen shows a marked 
fall, averaging 314 per cent, until about the eleventh day, 
after which it again tends to rise to its normal level. In 
two animals it reached the pre-operative value in twenty- 
eight days; in another it had not reached its former level 
in sixty-six days. The second rise in the alveolar oxygen 
value occurs coincidently with the fall in alveolar carbon 
dioxide tension (Curve 2). 
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CHART 2—ALVEOLAR 0, CONTENT. 
(c) The Effect on Blood Carbon Diowvide Content and 
Capacity. The anesthesia causes an average fall in the 
carbon dioxide content of the blood of from 8 to 10 
volumes per cent. For a period of ten days after opera- 
tion there occurs a rise of from 414 to 13 volumes per 
cent (average, 914) above the normal value as determined 


before operation; then a gradual fall to about normal by 
the twenty-fifth day (Curve 3). 
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(d) The Effect on the Blood Oxygen Content. Anesthe- 
sia causes a slight rise of about 2 volumes per cent. This 
is followed within 24 hours after operation by a marked 
fall of approximately 414 volumes per cent, in one case 
by a fall of 11 volumes per cent. or nearly half the total 
This fall in the blood 
up to the 


oxygen capacity of the blood. 
oxygen content continues approximately 
eleventh day after operation. In two cases it again rose 
to normal by the twenty-fifth and the thirtieth days; in 
one animal it remained at a low level until the twenty- 
third day (Curve 4). 
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CHART 4—VENOUS BLOOD @ 0, CONTENT 

© 0, CAPACITY 
(ce) Effect on Blood Oxygen Capacity. The effect of 
anesthesia is in our experience variable, there being either 
a rise or fall in the blood oxygen capacity. Following 
operation there is an average rise in the oxygen capacity 
of the blood of 314 volumes per cent, this increased value 
being maintained during the period of our observations 
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(sixty-six days.) In one animal dying from distemper 
twenty-eight days after operation, there was a progressive 
fall in the oxygen capacity (Curve 4). 

(f) The Effect on Oxygen Unsaturation Percentage. 
Anesthesia causes a rise in the oxygen unsaturation 
percentage in two cases, a fall in three cases. Within 
4 hours of operation there is a very marked rise of from 
to 30 per cent, with an average rise of 19.6 per cent. 
This rise in the oxygen unsaturation percentage continues 
up to the eighth day, at which time the average rise is 
23.4 per cent. Subsequently, there is a fall but not quite 
to the previous normal value as determined before opera- 


tion (Curve 5). 
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CHART 5—VENOUS BLOOD. 0, UNSATURATION PERCENTAGE. 
(y) Observations on the Blood Count. The day follow 
ing operation there is an average rise in the red cell 
count of 666,000. On the third day after operation this 
rise averages 800,000 above normal, one animal showing 
an increase of 1,200,000 red cells. This rise in the red 
cell count corresponds to an increase in hemoglobin of 
from 15 to 20 per cent. So far as our observations go 
(extending to the sixty-sixth day in one case) this in- 
crease in the red cell count is maintained, two dogs 
observed on the fifth-third and sixty-sixth days having 
blood counts of 7,000,000 or more (Curves 6 and 7). 
Brietly, then, the effects of pneumectomy are a_ rise 
in alveolar carbon dioxide and a fall in alveolar oxygen, 
these alveolar air changes being associated with a tempo- 
ary rise in the carbon dioxide content and capacity of the 
blood, a marked fall in the oxygen content, and a marked 
rise in the percentage of oxygen unsaturation. Con- 
comitantly, there is a marked rise in the hemoglobin 
content of the blood and therefore in its oxygen-carrying 
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CHART 7—HEMOGLOBIN (Calculated) 


capacity, which may be interpreted as a compensatory 
mechanism. As has been noted, the changes in the 
alveolar carbon dioxide, alveolar oxygen, carbon dioxide 
content and capacity of the blood, and percentage of 
oxygen unsaturation, are only temporary; and approxi 
mately within thirty days normal relations are agail 
established. The increased hemoglobin and oxygen-carty- 
ing capacity of the blood, however, persisted during our 
period of observations (sixty-six days). They serve at 
least in part to supply the respiratory needs of the animal 
perhaps until complete anatomical changes in the remail- 


ing lung have taken place. 
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* Died of distemper on the 28th day after operation 
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POSTERIOR RESECTION OF THE RECTUM AND RECTOSIGMOID 
(KRASKE OR MODIFIED) UNDER REGIONAL ANESTHESIA’ 


By Gaston L. Lazar, M.D., Paris 


(Special Lecturer on Anesthesia, The Mayo Foundation, Rochester Minnesota.) 


of the method of anesthesia, especially if the operability 
is raised, as has been the tendency for the past few years. 

Among the patients suffering from the disease are those 
with chronic conditions of the urinary, respiratory, oF 
circulatory systems, which make them poor operative 
risks under ordinary circumstances. - Obesity is apt to 


Apart from early diagnosis and the choice of methods 
in dealing with cancer of the rectum and rectosigmoid, 
one of the most interesting problems connected with the 
surgery of that portion of the large intestine is the choice 
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increase the mortality, or at least to cast a heavy shadow 
on the operative prognosis. The colostomy itself, in the 
case of very obese persons, is attended by considerable 
risk. 

Nephritis is one of the important causes of operative 
mortality. It is usually of an acute type, superimposed 
on a chronic process. Many patients die some weeks after 
the operation from nephritis, cardiovascular disease, and 
so forth, which they had at the time of the opera- 
tion. Infection (general peritonitis, pelvic cellulitis), 
obstruction and exhaustion are, according to the present 
study, the most frequent causes of death. 

Although the anesthetic agent used for long and 
traumatizing operations such as the Kraske or any other 
type of posterior resection of the rectum is seldom men- 
tioned in the literature, the presumption is that it has 
almost always been general anesthesia by ether inhala- 
tion. The morbid influence of ether on lungs, kidneys, 
and arteries with pathologic lesions is too well known 
to be deserving of more than mere simple mention in this 
paper. The fatal blow given by the lipoid solvent to the 
progressively exhausted heart laboring under fatty de- 
generation needs no discussion. In apparently normal 
persons, the unfavorable influence of ether on the kidneys, 
lungs, and gastro-intestinal tract is most apparent in 
the early days following operation; and the patient re- 
covers generally without any complication attributed 
to the anesthetic. Albuminuria, glycosuria, lipemia, 
glycemia and acidosis, all clear up within a relatively 
short time. But oceasionally a condition of exhaustion 
exists at the time of the operation, a condition chiefly 
due to anesthesia or the inability of the patient to adapt 
himself to ether inhalation. Some patients recover from 
this condition; but others find their power of resistance 
gradually decreasing. The natural reaction to infection 
is thus greatly diminished. Cellular life is weakened in 
the central nervous system which loses control over the 
vital functions of the economy. The kidneys at times find 
themselves helpless to deal with the abundant waste 
material coming directly from the operative wound, and 
the material which overflows or leaks from the defective 
liver. 

Such disturbances may be avoided or considerably 
lessened by the use of regional anesthesia, which does 
not, as a rule, affect the general condition of the patient. 
But it must be clearly understood that the block method 
is not meant to improve chronic conditions which are 
present at the time of the operation, nor to prevent the 
development of acute disease started just before the 
operation. Regional anesthesia does not increase the 
resistance of the patient, but it reduces to a minimum 
an unfavorable operative prognosis by not affecting the 
vital functions of the main organs of the body. Regional 
anesthesia does not prevent pulmonary embolism, but it 
takes away the danger of pulmonary complications, since 
it does not interfere with the respiratory organs. Edema 


of the lungs, pulmonary congestion, or pneumonia will 
not set in as a postoperative complication if the usual 
elementary precautions are taken. Since regional anesthe 
sia does not affect the gastro-intestinal tract, there is 
no postoperative nausea and vomiting, no acute disten- 
sion of the bowels with consequent paresis, and no strain 
on the abdominal cavity and its contents immediately 
after the operation. 
prevented more effectually by the normal peristaltic 


Postoperative paralytic ileus is 


movements of undisturbed bowels. Tendency to bleed is 
also greatly reduced and convalescence rendered shorter. 

In considering the advantages and the bright post- 
operative clinical picture shown by the majority of 
patients who were considered very poor surgical risks 
before the operation, regional anesthesia has unquestion- 
ably strong claims against ether anesthesia or any other 
form of inhalation narcosis, which occasionally results 
in serious complications. Regional anesthesia is the 
method preferred for posterior resection of the car- 
cinomatous rectum and rectosigmoid, whatever be the 
condition of the patient. In this type of case, it can be 
said without error that all patients are amenable to the 
method; but it may be well to emphasize a few points 
which are occasionally, if not always, overlooked, espe- 
cially if regional anesthesia is only applied to particular- 
ly poor surgical risks. 

In trying to increase the percentage of operability, the 
question of local conditions of the disease and of meta- 
stasis is generally solved by exploration at the time 
colostomy is performed. How far the radical cure is 
indicated, and the type of operation best suited to the 
particular case, are matters I shall not discuss, although 
the choice of operation is a significant factor in the final 
settlement of the prognosis quoad vitam in cases of car 
cinomatous rectum and rectosigmoid. After the operation 
has been decided on, two questions remain to be 
answered: Will the patient stand the operation? Will 
he stand the anesthesia needed for the operation added 
to the operation itself? The answers depend on the con- 
dition of the main organs and their surgical resistance, 
measured in terms of their progressive alteration from 
the time of the colostomy, the coefficient risk being added 
to the operative prognosis by the personal equation of 
the surgeon. The risk due to the type of anesthesia has 
too long been overlooked ; and it is now time to consider 
the opportunity of using regional anesthesia exclusively 
for the Kraske or any other types of posterior resection 
of the rectum and rectosigmoid. 

The preconceived idea of the absolute safety of regional 
anesthesia is apt to influence the operability favorably, 
although it cannot be expected to alter the pathologic 
conditions existing at the time of exploration. All 
patients who seem to be good operative risks quoad the 
lesion may otherwise be very poor surgical risks; and, in 
raising the operability, one should be cautioned against 
those cases that are on the borderline. In considering 








16 

the advisability of a radical cure, the actual resistance 
of the patient after the colostomy should be the chief 
guide. after the 
colostomy, and can searcely pull through that first-stage 
operation, especially when it has been performed under 
cannot be 


Some patients continue to decline 


ether anesthesia. DProgressive dehydration 
avoided, and from fifteen to twenty days after, which is 
the usual time for the second stage operation, these 
patients are weaker than ever. Whatever anesthesia is 
then used, they will seldom come out of that condition of 
pogressive exhaustion which silently carries them across 
the borderline into a state of coma which starts during 
the operation and ends with life on the second or third 
In those desperate cases regional anesthesia only 
permits the risk the colostomy, and the 


prognosis of the second-stage posterior resection is greatly 


day. 
surgeon to 


improved, 

A study of thirty-three cases in which operation was 
performed in the Mayo Clinic from October, 1920 to June, 
1921, inclusively, brings out points which tend to prove 
the innocuousness of the method of regional anesthesia: 

1. Previous diseases do not seem to influence the opera- 
tive risk, provided no acute process prevails at the time 
Patients having a previous history of 
scarlatina, 


of the operation. 
diphtheria, pneumonia, grippe, pleurisy, 
measles, chicken pox, acute Bright’s disease, and so forth, 
whether contracted recently or several years before, have 
made uneventful recoveries from operations performed 
by means of regional anesthesia. 

2. Chronic lesions of the heart, with or without com- 
pensation, are not conditions which contra-indicate the 
use of the regional methed, provided the resistance of 
the patient seems fair. Patients with enlarged hearts 
(1.5 to 2 em. to the left) with extrasystoles, associated 
with a systolic blood pressure of 165 mm., diastolic 96 
mm. and deficient kidneys; patients presenting mitral 
incompetence and aortic stenosis, with a systolic blood 
pressure of 140 mm., diastolic 90 mm., and pulse 116, 
have left the hospital in from ten to twenty-two days 
following the posterior resection of the anus, anal canal, 
rectum, and lower sigmoid. 

3. Pulmonary tuberculosis does not seem to influence 
the operative prognosis. An operation was performed 
under paravertebral and sacral block on a woman, aged 
thirty-six years, who gave a history as follows: She had 
had four pregnancies, two of which were extra-uterine, 
one rupturing. One pregnancy ended in a miscarriage at 
three months. She had had “anemia” twelve years before ; 
pneumonia, in childhood, and eight and two years before; 
typhoid fever with peritonitis twenty-two years before; 
and active tuberculosis ten years before. Her sputum 
Was positive May 4, 1921, when a left inguinal colostomy 
was performed under regional anesthesia. One month 
later the anal canal, entire rectum, and 25 cm. of the 
sigmoid were excised. The growth was in the rectosig- 


moid, extending down into the rectum. A loop of the 
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sigmoid and one of the small intestine had dropped down 
and become adherent to the growth. The small intestine 
was separated, but the peritoneal coat, where it wag 
adherent, was removed. A loop of the sigmoid about 19 
cm. above the growth, which had become adherent to 
the growth, was removed with it. The glands and fat 
which were involved and adherent to the promontory and 
sacrum were removed. The upper end of the sigmoid was 
turned in twice and fastened to the peritoneal wound. 
The posterior wall of the uterus was drawn into the 
cavity to help fill the large peritoneal defect. 

The extent and type of the operation performed in this 
case is a real test of the method of regional anesthesia. 
No particular care was taken to avoid or lessen the usual 
manipulations generally adopted under ether anesthesia, 
The patient made an uneventful recovery and left the 
hospital on the twentieth day after the operation. 

5. Diabetes, at least mild and chronic, easily con- 
trolled by dietary measures, has to all appearances no 
influence on the operative prognosis if regional anesthe. 
sia is seventy-two vears, was 
operated on for carcinoma of the rectum April 1, 1921, 
Her urine 


used. A woman, aged 
while suffering from mild chronic diabetes. 
output was 800 ¢.c. in twenty-four hours. The urinalysis 
showed specific gravity 1.016; reaction, acid; sugar, a 
trace; and pus cells, 1 to 6. The patient left the hospital 
twenty days after the operation with a clean postopera- 
tive record. 

6. Operation may also be safely performed in renal 
conditions of a chronic type. A woman, aged forty-seven 
years, had an average urine output of 500 ¢.c. in twenty- 
four hours, the urinalysis showing specific gravity 1.029; 
reaction, acid; albumin 1; pus cells 38; and a combined 
phenolsulphonephthalein return of 35 per cent. She gave 
a previous history of having had diphtheria, scarlatina, 
pheumonia, grippe, and pleurisy, and at the time of the 
operation was suifering from mitral incompetence and 
aortic stenosis. A posterior excision was made of the 
anus, anal canal, rectum, and lower sigmoid. She passed 
of urine every day following the 
operation. uneventfully, and left the 
hospital ten days after the operation. 


an average of 650 e¢.c. 


She recovered 


PREPARATION OF PATIENTS FOR REGIONAL ANESTHESIA 


For the one-stage Kraske operation, the patient re 
ceives a preliminary hypodermic injection of morphin 
1/6 gr. and scopolamin 1/300 gr., one hour before anesthe 
sia is begun, and a second dose of the same strength im 
mediately after the completion of the anesthesia. 

For the colostomy in the two-stage operation, one 
hypodermic injection of the narcotics is, as a rule, suf 
ficient to dull the mentality of the patient and dismiss 
any apprehension due to consciousness at the time of 
the operation, provided it is given one hour before the 
anesthesia, and the colostomy is performed ten minutes 
after the completion of the anesthesia. In very nervous 
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patients, if the first dose does not seem to have produced 
the desired effect, a second dose is given at the time of 
the anesthesia. 

The patient is prepared for the second stage Kraske in 
the same manner as for the one stage. Individual cases 
should be considered in administering two doses of the 
combined narcotics. If during the manipulations for 
inducing anesthesia, the attitude of the patient reveals 
suflicient psychie control there is no reason for giving 
the second dose; it should be reserved for alleviating 
postoperative pain. 

The use of morphin and scopolamin in such weak doses 
is not meant to produce, and in fact does not produce, 
a twilight sleep nor a semiwaking condition during which 
the surgeon loses control of his patient, but simply to 
enable the patient to feel more comfortable in that rather 
awkward position he must assume during the operation. 


ANESTHESIA FOR THE COLOSTOMY 


For the left rectus colostomy, two procedures are 
available, the abdominal field block, and the paraverte- 
bral bloek. 

The abdominal field block is the procedure usually 
employed because it is easily and quickly accomplished, 
and requires no special long and delicate training. It 
affords almost complete relaxation of the abdominal 
muscles and perfect anesthesia of the parietal peritoneum 
within the blocked area. If gentleness is used, the pelvic 
organs, as well as the liver, may be explored, provided 
the incision is long enough to allow the hand to steal 
into the abdominal cavity without force. This is most 
easily done after the lips of the wound have been clamped 
and raised. In the majority of cases, there is no sharp 
pain during gentle exploration, but only an abdominal 
sensation referred to the epigastrium, such as that due 
to intestinal colic. The sensation ceases with the explora- 
tion, Which ordinarily is of very short duration. Some 
patients require just enough ether or gas to make them 
lose consciousness during this stage of the operation. If 
the excitation period is reached, exploration becomes 
impossible, owing to lack of relaxation which can only 
be obtained by bringing the patient to the surgical stage 
of general anesthesia; and in such case he loses the 
benefit of the regional anesthesia. It is, therefore, wise 
to insist on the necessity of a judicious use of ether or 
gas during exploration. 

The average patient, well prepared by the preliminary 
hareotics, and familiar with the requirements of regional 
anesthesia, codperates willingly and, if gentleness is 
used, the colostomy is painlessly performed. If the 
patient is obese, ow if the mesocolon is short, a few whiffs 
of a general anesthetic contributes greatly to establish 
favorable conditions. This combined method is safer than 
any general anesthetic alone. 

The patient lies in the recumbent dorsal position, and 
the operative field is prepared as for any surgical opera- 


tion; one coat of tincture of iodin is sufficient for the 
purposes of regional anesthesia. Intradermal wheals are 
raised with a fine needle along the left costal margin, 
from the xiphisternum to the tip of the eleventh rib, and 
from that point to the iliac crest, (Fig. 1). A fine needle 
of convenient length (8 to 10 em.) is then passed through 
each of these wheals in succession and deep injections 
made within the muscle layers of the abdominal wall, 
followed by subcutaneous injections which join all the 
wheals, except the first to the last. All the injections 
along the costal margin are made in a plane perpen- 
dicular to the surface of the skin and passing through 
the wheals; those from the costal margin to the iliac 
crest are made in a similar manner. Two walls of anesthe- 
sia, meeting at about the level of the tip of the eleventh 
rib, are thus created, cutting off the nerve supply of half 
the abdominal wall. The anesthetic is a 0.5 per cent 
solution of neocain* or procain, containing 15 minims 
of adrenalin solution 1:1000 per 100 c.c. The quantity 
injected varies from 100 to 200 ¢.c., according to the 
weight of the patient. 

The paravertebral block is more difficult and, in order 
to give it successfully, fairly good training is required; 
but it affords a wider field of anesthesia and greater 
facility in handling the bowel, in case the mesocolon is 
short. It is customary to inject from the eighth dorsal 
to the third lumbar nerve on the left side with from 5 
to 6 «ec. of a 1 per cent. neocain or procain solution at 
each nerve. Paravertebral block thus performed does not 
abolish the abdominal sensation present during explora- 
tion, but it lessens it to a certain extent. In the majority 
of cases, the colostomy is performed painlessly without 
the aid of ether or gas. If regional anesthesia is to be 
induced by the average surgeon, the abdominal field 
block, according to my experience, should be given prefer- 
ence. 

ANESTHESIA FOR THE KRASKE OR ANY MODIFIED 
PosTERIOR RESECTION 


One hour after the preliminary hypodermic injection 
of morphin and scopolamin has been given, and twenty 
to thirty minutes before the hour fixed for the operation, 
the patient is gently wheeled into the operating room 
or into the special room which, in a few institutions, is 
specially equipped for inducing regional anesthesia. He 
is placed flat on his stomach and a cushion slipped 
under his hips to raise the sacral region and render the 
landmarks more accessible. The operative field is pre- 
pared in the usual manner, exposing the whole lumbo- 
sacral region, from the first lumbar vertebra to the tip 
of the coc¢yx. One hundred and fifty cubic centimeters 
of a 1 per cent. procain solution containing 15 minims 
of adrenalin solution 1:1000 is placed in a cup at hand, 
and the special regional anesthesia syringe with one set 

* Neocainm is a French product made by Corbiére and Lionnet, 


Paris, France, put up in sterile capsules of 0.5 gm. each. It is 
readily soluble in saline solution and of very low toxicity. 
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of needles of different dimensions tested as to efliciency 
before starting the manipulations. 

The best results are obtained by combining the caudal, 
transsacral, and paravertebral block of the last three 
lumbar nerves (Fig. 2), starting with the caudal block, 
then injecting the sacral nerves, and finishing with the 
paravertebral block. Whatever be the level of the growth, 
one and the same procedure should be applied, although 
anorectal and rectal lesions require a smaller anesthetic 
field. It is always preferable to prepare the patient in 
such a way that no subsequent injections will be neces- 
sary, if the surgical manipulations are carried beyond 
the contemplated area. For instance, an error of diag- 
may be followed by the many centi- 
meters of bowel through the posterior route, in order to 


nosis excision of 


reach the growth situated high in the sigmoid colon. 
When the lesion lies in the rectosigmoid juncture, the 
absolute anesthesia 


gives 


It is, therefore, advisable, I 


procedure described — here 
throughout the operation. 
insist, not to modify the procedure according to the 
height of the lesion, but to use it integrally in all cases. 

1. Caudal or epidural block.—The sacral hiatus is de- 
fined by a depression which is felt in the middle line, at 
about the juncture of the coceyx with the sacrum, and 
bounded by the sacral cornua on each side and the fourth 
sacral spinous process on the middle line a little higher 
up. These three prominences, palpable in the majority of 
cases, form the angles of a triangular surface at the 
middle point of which the needle is introduced with ease 
and success. The spinal puncture needle, with its stylet 
in and its bevel turned upward, is introduced at this 
point, in a direction making an angle of about 45 degrees 
with the surface of the skin. After piercing the sacro- 
coceygeal membrane which, like a screen stretched across 
the sacral hiatus, closes the lower extremity of the sacral 
canal, the point of the needle strikes the anterior wall 
of the canal. It is then withdrawn 1 or 2 mm. and the 
hub of the needle swung downward toward the gluteal 
cleft, reducing the angle of 45 degrees to about 20 degrees. 
The needle is advanced gently and gradually into the 
sacral canal, always keeping along the middle line, until 
about 6 em. of its length have disappeared. If the point 
of the needle impinges on the posterior wall of the canal 
and is stopped a short distance from its point of entrance, 
it is ordinarily released by the application of pressure 
on the sacrococeygeal membrane with the left forefinger 
placed on the needle at the site of puncture. If this 
device is not successful the needle has to be withdrawn 
and reintroduced a little higher. When the needle has 
been correctly introduced, its stylet is withdrawn and 
time is allowed to make sure that no blood or cerebro- 
spinal fluid comes out. In such case the needle is drawn 
back a few millimeters until the flow ceases and the 
syringe, filled with a 1 per cent. solution, is connected 
with the needle. It is a very good practice to aspirate 
before injecting fluid, so as to feel quite certain that 


no intraspinal nor intravenous injection is actually made. 
Abnormal extension of the dural sac below the second 
sacral vertebra is exceptional, but its existence cannot 
be denied. Injection should be very slow, owing to 
possible after-effects due to rapid absorption by the 
structures contained in the sacral canal. A total amount 
of 30 ¢.c. of the anesthetic solution thus injected into the 
establishes favorable conditions for the 


sacral canal 


transsacral block. 

2. Transsacral block.—This procedure consists in jp. 
jecting the sacral nerves individually by introducing the 
needle through the posterior sacral foramina, which ean 
be reached with some precision only by taking accurate 
superficial landmarks. These are the posterior superior 
spine of the ilium and the sacral cornua. A wheal js 
raised about 1 cm. medial to and below the said iliac spine 
and another wheal is placed just above the sacral corny 
on the same side. The distance between them is divided 
into three parts by two other intermediate wheals. The 
second, third, fourth, and fifth sacral foramina are thus 
easily and accurately defined. The first sacral foramen is 
found by raising a wheal about 2.5 em. above that whieh 
marks the second sacral foramen, following the same 
general direction. The thickness of the soft tissues over. 
lying the sacrum being much greater in the upper portion 
of the bone, needles of different lengths are used accord- 
ing to the height of the puncture. It is most convenient 
to use a needle 5 cm. long for the last three foramina, 
one 8 cm. long for injecting into the second sacral 
foramen, and one 10 em. long for the first foramen which 
is very deeply situated (Figs. 3 and 4). It is customary 
to begin with the second foramen, which seems to be 
easier to locate than the first and which helps consider. 
The needle is introduced 
perpendicularly to the surface of the skin and gently 
advanced toward the posterior aspect of the sacrum 
until its point touches the bone. A little practice ordi: 
narily gives an almost accurate tactile sense of the rich 
fibrous structures overlying the foramen and spreading 
out, so to speak, in its immediate neighborhood. The 
direction of the needle is slightly changed if the foramen 
is not reached by a first puncture; but gentleness should 
be used in approaching the bone so as not to hurt the 
patient, traumatize the region by repeated punctures, 
and damage the point of the needle, which bends to a 
hook and tears through the tissues while it is withdrawn. 
This faulty technic of most beginners can be improved 
rapidly by a short training on the cadaver, especially if 
every effort is made to visualize the framework through 
the soft overlying structures. After losing contact of 
the posterior aspect of the sacrum,+the needle passes 
through the posterior sacral foramen and, according t0 
the foramen, is introduced more or less deeply, because 
of the uneven thickness of the bone. For the same reason 
the quantity of solution injected varies with the foramed. 
It is customary to inject 6 ¢.c. of the solution in the first 


ably in locating the others. 
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foramen and to reduce by 1 c.c. each time the quantity 
injected into each subsequent foramen. Starting from 
the second foramen injection is therefore made of 5, 4, 
® and 2 ¢.c. respectively, in.descending order of foramen, 
thus injecting 40 ¢c.c. of the solution, which, added to the 
“cc. used for the caudal block, makes a total of 70 c.c. 
for the sacral block. 

3. Paravertebral block.—After inducing the sacral 
block, as described, bilateral injections of the last three 
lumbar nerves are made as follows: Wheals are raised 
3.5 to 4 cm. from the middle line of the spine, according 
to the weight of the patient, opposite the upper edge of 
the spinous process of the third, fourth, and fifth lumbar 
vertebre (Fig. 2). A needle 12 em. long is introduced 
through each of these wheals in succession and advanced 
in a direction perpendicular to the skin surface until 
contact is taken with the transverse process of the 
vertebra. The needle is then withdrawn a little, for the 
purpose of changing its direction, and reintroduced 
toward the spine, making an angle of about 20 degrees 
with the middle plane on the body. The needle passes 
above the transverse process and is stopped at 2.5 to 
3 em. after it has passed the bone, and 8 to 10 ¢c.c. of the 
solution is injected while the needle is slightly moved to 
and fro. Efforts should be made not to hit the nerves, 
but to deposit the solution in their immediate vicinity. 
The same rule applies to the sacral block. In order to 
reach the fifth lumbar nerve the needle is passed below 
the transverse process of the fifth lumbar vertebra. The 
aspiration test for blood should be renewed several times 
during each injection, thus making sure that the point 
of the needle does not lie within the lumen of a blood 
vessel. Not more than the exact quantity of the solution 
should be taken in the syringe each time, so as not to 
exceed the total amount of 150 ¢c.c. of the 1 per cent. 
solution prepared beforehand. The injection of greater 
quantities is likely to produce toxic symptoms. Procain 
is ten times less toxic than cocain, but still its toxicity 
must be remembered, and likewise the possible presence 
of impurities in the commercial drug. Toxic symptoms 
are exceptional; but if they should appear, a subcutaneous 
injection of spartein sulphate 0.05 gm., caffein 0.25 gm., 
and strychnin sulphate 0.001 gm. improves the condition. 
No such mishap is expected from the method itself which 
is the safest now known; but attention should be called 
to the fact that it may occur through faulty technic, and 
the anesthetist should know what to do in such cases. 

After making the last injection, the sensibility of the 
anus and perineum is tested by clamping the region. 
Complete relaxation of the anal sphincter is a proof that 
the entire rectum, bladder, and prostate have been 
anesthetized, although there is no way of testing before- 
hand the sensibility of the parietal peritoneum in con- 
nection with the mesosigmoid, and the pelvic organs in 
women, 


CONCLUSIONS 

1. The choice of the method of anethesia is one of the 
most interesting problems connected with the surgery of 
the rectum and rectosigmoid. 

2. Most of the postoperative complications may be 
attributed to inhalation narcosis, especially ether, and 
can be avoided or considerably lessened by the use of 
regional anesthesia. 

3. Regional anesthesia does not increase the resistance 
of the patient, but leaves the vital functions of the body 
in the same condition. 

1. The anesthesia does not prevent pulmonary embol- 
ism, but excludes the danger of pulmonary postoperative 
complications, provided no acute condition exists at the 
time of the operation. 

5. The anesthesia has no ill-effects on the gastro- 
intestinal tract; thus the possibility of paralytic ileus 
and the tendency toward hemorrhage are reduced. 

6. All patients are amenable to the method, but one 
should be cautioned against borderline cases. 

7. Previous conditions, such as chronic lesions of the 
heart, with or without compensation, high blood pressure, 
pulmonary tuberculosis, diabetes, at least mild and 
chronic, easily controlled by dietary measures, and 
chronic renal conditions do not seem to interfere with 
the operative prognosis. 

8. The use of morphin and scopolamin controls the 
psychic state of the patient and greatly contributes in 
establishing favorable conditions during the operation; 
but the stage of twilight sleep must not be reached. 

9. With the abdominal field block procedure, colosto- 
my is performed painlessly, provided the patient is not 
too obese and the mesocolon is not too short. Explora- 
tion is possible in the majority of cases, if gentleness is 
used. 

10. The sacral block, consisting of the caudal or epi- 
dural and trans-sacral block, added to the paravertebral 
block of the last three lumbar nerves on both sides, consti- 
tutes the method of choice for the posterior resection of 
the carcinomatous rectum and rectosigmoid. 

11. The administration of the anesthesia is not difficult, 
but it requires practice and patience, irrespective of the 
gentleness which must always be used in handling 
conscious patients. 


12. If the anesthetic does not give complete anesthesia 
throughout the operation, the administration of a first 
stage ether anesthesia during the deep manipulations 
constitutes a combined method much safer than general 


narcosis alone. 
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LEGENDS 
Fig. 1.—Abdominal field block for Colostomy, resulting in 
anesthesia of left half of abdominal wall. 
Fig. 2.—Regional anesthesia for posterior resection of rectum 
and rectosigmoid. 
Site of puncture for caudal or epidural biock. 
1, 4, 3, 2, 5. Sites of puncture for transsacral block. 


6, 7, 8. Sites of puncture for paravertebral lumbar block. 


Fig. 3.—Oblique lomgitudinal section of the pelvis showing 
the right sacral foramina, the entire sacrum being preseryeg, 
This is intended to show the variable thickness of the soft tissues 
overlying the sacrum and the different directions of the needle. 

Fig. 4.—Oblique longitudinal section of the pelvis passing 
through the right sacral foramina, showing the progressively 
decreasing thickness of the sacrum from top to bottom, a = 
dition which commands the use of variable quantities of 
anesthetic solution according to the site of injection. 


THE USE OF THE BONE GRAFT IN THE TREATMENT 
OF POTT’S DISEASE. 


] 


By WILLIAM 8S. 


Barer, M.D. 


(Associate Professor of Clinical Orthopedic Surgery, The Johns Hopkins University.) 


The ten years which have now elapsed since Albee 
first called attention to the use of the bone graft as an 
aid in the cure of tuberculosis of the spine, furnish a 
period of time sufficient to allow us to draw some con- 
clusions as to the value of the procedure. With this aim 
in view I have collected the cases of tuberculosis of the 
spine treated by this method by myself or my associate, 
Dr. Bennett, and our assistants.* The cases to be re- 
ported are fifty in number and in each one the bone graft 
operation was done prior to December 51, 1919. Thus two 
years at least, and in many cases more, have elapsed 
since the operation, so that a careful analytical study 
of the series will throw some light upon the efficacy of 
the operation and the indications for its employment. 

We have arbitrarily divided our cases into three groups, 
according to the results obtained. 

inst: Good results. In this class there are 

a. No symptoms or signs of active tuberculosis in the 
vertebral column. 

b. No support is necessary. 

c. There is no kyphosis present or no increase in the 
preoperative kyphosis. 

Seconp: Fair results. In this class there are 

a. No symptoms or signs of active tuberculosis. 

b. No brace or support has to be used at the present 
time. 

c. A post-operative increase of the kyphos has 
occurred. 

Trip: Poor results. Patients in whom the process is 
still active; those in whom support is still neces- 
sary, or those who have died. 

Again, the cases have naturally divided themselves into 

three groups, according to age at the time of operation. 
a. Up to the age of six years, the period of infancy. 
b. From six to sixteen years of age, the period of 


greatest growth. 


* I am greatly indebted to Dr. Winthrop Phelps for his work 
in correlating these cases. 


c. From sixteen years upwards,—the period when 
growth for the most part has ceased. 
This means that in Class a—up to six years of age— 
our results have been as follows: 


Good — 7. % 
Fair — 21.5% 
Poor — 71.5% 


In Class b—six years to sixteen years: 
Good — 33-1/3% 
Poor — 66-2/3% 


In Class c—sixteen years and upward: 
Good — 90% 


Poor — 10% 


These figures go to show that if the operative procedure 
is instituted before the age of six years the ultimate result 
is apt to be poor, while between the age of six to sixteen 
years it is somewhat better. If, however, we include in 
class @ under good results the cases in which all symptoms 
have ceased, but where the kyphos has increased, the 
relative comparison is a good result in class a of 28.5% 
against a good result in class b of 33-1/3%, or, almost the 
same. According to these figures, then, operative pro- 
cedures in the ages of infancy and of growth, have been 
successful in less than one-third of the cases, even if we 
are so lenient as to include those cases in which the 
kyphosis has been increased. 

On the other hand, in class c, of the patients operated 
upon after the age of sixteen, ninety per cent have given 
a good result. This would tend to show that in adult 
cases in which growth of the body has ceased, and in 
which the human body has concentrated its efforts on 
repair, the addition of a bone graft has given excellent 
results. The rationale of this improvement may be that 
the bone graft acts as an intra-corporeal support so that 
traumatism is better resisted; or that the blood supply 
between the various vertebral bodies is increased and 
changed by the new medium placed along the spinous 
processes. 
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Localization of the disease: 
For the cervical region the poor results were 100%. 
For the mid-dorsal and lower dorsal region there 
were good results in 39% and poor results in 61%. 
For the dorso-lumbar and lumbar region there were 
good results in 73% and poor results in 23%. 


Those regions of the spine in which the vertebral body 
is the largest and hence relatively more resistant to 
necrosis have given better results. Contrary to what 
would naturally be supposed, the amount of lessened 
mobility of the spine, owing to anatomical conditions, as 
in the mid-dorsal and dorsal region, does not seem to have 
had any favorable influence on the progress of the case 
toward recovery. 

The effect of the presence of a kyphosis on the ultimate 
result of the operation: In the cases in which there 
was no kyphosis at the time of operation the result of 
the operation was 100% reeovery. In those in which there 
was a slight kyphosis at the time of the operation, the 
result was a cure in 50% of the cases. In the cases in 
which there was a moderate kyphosis there was a cure 
in 50% of the cases. In those in which there was a marked 
and a failure in 


kyphosis there was a cure in only 25% 
75%. In other words, the greater the kyphosis at the 
time of operation the less the chances of a cure. There 
are several factors which probably afford an explanation 
of these results, . 

Tuberculosis starting after the age of growth is far 
less likely to produce a kyphosis than when the human 
holy is in the growing stage. Most of the patients who 
have little or no kyphosis are adults. As we have already 
mentioned, in adult cases a cure is effected in 90%. 

When a kyphosis is large, the bone graft is usually 
weakened in making it conform to the curve of the 
kyphosis; indeed, under these circumstances it has often 
heen broken. The graft may break at the time of the 
operative procedure, or it has been known to hold for as 
long as two years after it has been embedded and then 
break. It has further been noted that when a graft has 
broken, the acute symptoms, which had been overcome 
by the operation, have reappeared almost immediately. 
It behooves us, then, in operating, to employ as iarge 
and stable a graft as can be obtained. 

The number of spines fixed at the time of operation: 
This has varied from four to eight spinous processes. It 
has always been our aim to take in the spinous processes 
of the affected vertebrae and, when possible, at least the 
spinous processes of two normal vertebrae above and 
below the affected ones. In marked kyphoses, composed 
as they are of many diseased vertebrae, this is not always 
possible, and when accomplished, it is often done at the 
expense of breaking the graft. But when it is broken, 
mobility occurs. The fixation is tested in various ways: 
(1) by a lateral picture of the spinal column sometime 
after the graft has been embedded; (2) by a leadline 
tracing of the patient in an upright position and in a 


forward bending posture. The results of our cases have 
shown that the fixation has been complete in 75% of 
our cases. 

Duration of the disease before operation: This plays 
a very definite réle as regards the successful outcome of 
the case. In general, the longer the duration of the 


before more likelihood of 


In the cases in which the disease had existed 


disease the operation, the 

recovery. 

less than six months previous to the operation good 

results were obtained in 37.5% and poor results in 62.5%. 
When the disease had existed one year: 


Good — 55% 


results 


Poor results — 45% 


When the disease had existed two years: 
Good — 60% 
— 40% 


results 
Poor results 
When the disease had existed over two years: 
-_ 78% 


results — 22% 


Good results 


Poor 


The real cure of any case of tuberculosis of the spine 


depends on the amalgamation or fusion of the affected 
and of the affected vertebrae to the 
vertebrae above and This 
no known method which will afford a short cut by which 


tuber 


vertebrae normal 


below. takes time. There is 


this may be accomplished. Calvé states that in 
culosis actual ossification that assures repair does not 
until about after the onset of the 
Hence, the cases which have been 


begin three years 


disease. in existence 
two years are farther on the road to repair than those of 
more recent date. The bone graft does not bring about 
directly consolidation of the vertebral bodies, but only 
of the spinous processes. But, I that it 
indirectly by the formation of a new blood supply and 


that by its stabilizing effect it alleviates the acute process 


believe helps 


of the disease. 

Duration of post-operative fixation: The after-treat 
ment of Pott’s cases recommended by Albee was as fol 
lows: The patient is kept in the recumbent position without 
any plaster jacket or other support for six, eight or ten 
weeks; he is then allowed to move around without any 
support, on the that the graft 
stronger and that too more quickly if the normal physio 
logical activity of the body be permitted. Our experience 
does not support this view; on the contrary, we believe 


assumption becomes 


that proper support must be given in all cases after the 
operation. In adult cases the period of fixation after 
operation is much less than in those of infancy and during 
the years of growth. In the adult case our average was 
six months, whereas, in infancy and during the period 
of growth, it was from two and one-half to three years. 
If this support were not applied, acute exacerbations of 
the disease soon appeared. It was also found in this 
growing period that, if a proper support were not worn 
after the operation, the kyphosis invariably increased, 
the graft itself was not capable of preventing further 


deformity; being viable, it was subject to the same 
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influences and the same laws of strain that had brought 
about the original kyphos, and instead of preventing a 
further deformity as growth went on, it bent, becoming 
more rounded and indeed even acute in outline. In order 
to prevent the occurrence of a deformity a proper brace 
or support had to be worn over a long period of time, at 
least through most of the period of growth. 

Influences on abscesses: In general the implantation of 
a graft has had a beneficial action on the active symptoms 
of the disease and on the abscess formation. In several 
cases in which an abscess was present before operation, 
the rapidity of its disappearance was hastened by the 
implantation and consequent fixation. On the other hand, 
abscesses often reappeared when the graft became broken 
or fixation was not good. 

Mortality: Although we have been fortunate enough 
to encounter no immediate fatality following the opera- 
tion, the ultimate mortality, properly attributable to it, 
was eight per cent. The gravity of the operation should 
make one very careful in the selection of his cases. Child- 
ren, in infancy and in the growing period, affected with 
tuberculosis of the spine, and in many cases having other 
foci of tuberculosis, are not good risks. An extensive 
procedure of this nature is such a severe drain on their 
vitality that they are made more liable to a spread of 
the tuberculosis and to secondary infections, such as 
influenza, which ultimately prove fatal. The adult, how- 
ever, is a far better risk and far better able to undergo it. 

CONCLUSIONS 

In drawing conclusions, therefore, from this series of 

cases, one can hardly agree with the statement of Dr. 
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distinetly surgical affection, the operative treatment a 
sine qua non, to be given precedence over all other thera. 
peutic measures. Mechanical treatment must now occupy 
a minor position, to be employed only as a post-operative 
adjunct, or with patients who refuse surgical inter. 
vention or are not good surgical risks.” My own feeling 
is that in Pott’s disease operative procedures should be 
used only in selected cases, and simply as one of the 
aids in making a cure, but not as the chief means. Pott’s 
disease is a pathological condition which must necessarily 
run a very chronic course and its cure is accomplished 
amalgamation of the vertebral bodies 
is assured. This necessarily takes time. Mechanical 
means, therefore, particularly in infaney and in the grow. 
ing child, must be the main method for stabilization of 
the vertebree, and when the graft is used it is to be 


only when 


regarded only as an aid and must not be relied upon alone, 
In infancy the operation is questionable owing to its 
magnitude and to the tendency which it has to weaken 
the system and thus favor the incidence of general 
tuberculosis and other infectious diseases. In this class 
of cases the ultimate, if not the immediate, mortality is 
high. In the growing period, from six to sixteen years 
of age, in carefully selected cases the bone graft may be 
used, but must be considered only as an aid, and proper 
mechanical treatment must be kept up until the period 
of growth is over or amalgamation of the vertebre has 
taken place. In adults the bone graft is indicated in the 
majority of cases, but even here mechanical support 
should be used for at least six months. 


A SUGGESTED MODIFICATION OF THE WRIGHT OPSONIC 
TECHNIQUE BASED UPON THE DIFFERENTIAL 
WHITE BLOOD COUNT 


By Howarp B. Cross 


(From the Department of Pathology and Bacteriology, The Johns Hopkins University.) 


During the course of an investigation of phagocytosis 
which was conducted, in this laboratory, on several 
occasions the opsonic index, determined in the manner 
described by Wright,’ seemed to be not only an inade- 
quate gauge of the animal’s phagocytic defense, but also 
an indication of a condition quite the opposite of that 
which was subsequently demonstrated to be the true one. 
A more detailed analysis of these circumstances was 
accordingly undertaken in an attempt to define the con- 
ditions influencing phagocytosis, but which are not con- 
trolled, and often cannot be controlled, in the Wright 
method of determining the opsonic index. An effort was 
also made to obtain a factor based upon the differential 
white blood count which would make the Wright tech- 


nique a more dependable method for determining, so far 
as it is possible to determine, the true phagocytic strength 
of an animal. 

Wright * has demonstrated, by a series of experiments 
which have been repeatedly confirmed, that the stimulat 
ing effect of serum on phagocytosis is directed almost 
entirely against the bacteria. And it is reasonable to 
suppose from Bordet’s * work that whenever one bacteri- 
um in a medium has been sufficiently opsonized to permit 
its being taken up by a leucocyte, all similar bacteria of 
comparable virulence in that environment will likewise 
be sensitized sufficiently to effect their engulfment. 
Neglecting, then, the possibility of non-specific absorption 
of opsonins by leucocytes, the extent of the subsequent 
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phagocytosis would be determined entirely by the number 
of phagocytic cells present. Accordingly, it would be 
impossible to estimate the comparative phagocytic ca- 
pacity of two animals without taking into consideration 
not only the white blood count of the experimental 
animal, but also a differential determination in order to 
obtain the number of neutrophile leucocytes, the cells 
most commonly concerned in the phagocytosis of bacteria. 

Even by this method of determining a more exact 
measure of phagocytic capacity, no account is, or can 
be. taken of the tremendous phagocytic powers of the 
“fixed” cells. Metchnikoff* was the first to point out 
that these cells play an important réle in phagocytosi.., 
and in a more recent investigation Bartlett and Ozaki ° 
have demonstrated that the phagocytic capacity of the 
“fixed” cells often reveals a compensatory increase when- 
ever there is an exhaustion of the circulating phagocytes. 
It would seem necessary, therefore, to balance any de- 
monstrable decrease in phagocytic activity of the blood 
against the possibility that this loss in effectiveness might 
be compensated for by increased activity of the infinitely 
more numerous “fixed” cells. 

There that should 
sidered before concluding that a lowered opsonic index 
secured according to the method of Wright, indicates an 


remains one other factor be con- 


absolute depression in phagocytic defense. It is reason- 


able to suppose that in consequence of the rapid destruc- 
tion and replacement of neutrophilic leucocytes during 
these cellular elements are younger in 


infection that 


Exr. 1. 
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infected than in normal animals. Hektoen * suggests that 
it is possible to account for the increased phagocytic 
activity, which Tunnicliff * demonstrated in exudates and 
in patients recovering from pneumonia, by the fact that 
the cells obtained under these circumstances are younger 
than the leucocytes in the blood-stream of normal indi- 
viduals. This suggests, then, that it would be impossible 
to demonstrate conclusively a depression in phagocytic 
effectiveness without first eliminating the possibility of 
an increased “cytophagic” index which might even over 
compensate for the decline in opsonins. 

While it is manifestly impossible, by any experimental 
means whatever, to estimate accurately the total phago 
cytic capacity of an animal, it is quite useless to employ 
the Wright technique unless a correction is made for the 
observed variations in the number of neutrophilic leuco 
The 
by which this correction is made in the following table 


cytes present in the experimental animals. factor 
was obtained in each case by dividing the number of 
neutrophilic leucocytes present in 1 ¢. mm. of experi 
mental blood by the corresponding count in the control. 
The Wright opsonic index is then multiplied by the factor 
thus derived. This new measure of relative phagocytic 
capacity may for convenience be designated as the dif 
ferential opsonic indea. 

The data in the following experiments are intended to 
show the results of opsonic determinations made, at or 
a few hours before death, by taking into consideration 
the differential white blood count of the experimental 


animals.* 


The animals recorded in the appended table were infected by intravenous inoculations of the infecting 


organisms. Sublethal doses were continued until the blood revealed a high bacteriotropic content and then gradually 


increasing amounts were injected until a killing dose was administered. 


In each case the duration of the infection 


was more than 15 days and the animal came to its death in a state of advanced emaciation and complete collapse. 
The infecting agent was obtained in pure culture from the heart’s blood of each animal at death. 


NORMAL 

oe Infecting 

Grgnsiem Av. % Neutroph. White 

White Count leuco. Count 

Dog 1 B. bronchisep- *10,600 75 27,000 
ticus 

Dog 2 B, typhosus 10,600 75 3,500 

Dog 3 Pneumococcus 10,600 75 3,000 
Type I 

* Average counts compiled from results obtained in this 


laboratory, supplemented by the counts of Klieneberger and 
Carl.’ 


** Differential opsonic index, 


or 


© 


EXPRIMENTAL 


Wright Diff .** 
atiaii BactTerta Factor opson, index opson, index 
leuco. 

*85 S. aureus 2.88 1.3 3.74 
B. bronchisept. 2.88 1.3 3.74 
B. coli 2.88 1.1 3.06 
35 S. aureus 0.15 1.1 0.16 
B. bron. 0.15 1.2 0.18 
B. coli 0.15 1.1 0.16 
B. typho. 0.15 9.0 1.35 
75 S. aureus 0.28 1.0 0.28 
B. bron. 0.28 1.0 0.28 
B. coli 0.28 1.1 0.30 
Pn. I 0.28 1.0 0.28 
+The Wright opsonic indices recorded in these tables 


were secured in the manner described by Wright. These data 
were obtained in an investigation of “The Relation of Phago- 
cytosis to Terminal Infections” published by the author in the 
Johns Hopkins Bulletin, 1921, XXXII, 350-359. 
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Exp. 2.—The cats recorded in the following table died of a spontaneous hemolytic streptococcus infection. Ty 


1e 


onset of the disease was characterized by a violent sneezing and purulent nasal discharge. The animals lost rapidly 
in weight and died after four to six days in a state of the most profound weakness. Hemolytic streptococci, in pure 


culture, were cultivated from the blood throughout the course of the infection. 


NORMAL EXPRIMENTAL 
ati Wright 
Aiea —— Bacteria Factor opson, index 0 m....- 
ee Ay. % Neutroph. White Neutroph, — 
White Count leuco. Count leuco. 
Cat 4 Strept. 14,800 69 50,000 73 S. aureus 3.5 0.9 3.1 
hemolyticus B. bron. 3.5 0.9 3.1 
Str. hemo. 3.5 0.5 1.7 
Cat 5 Strept, 14,800 69 100,000 90 S. aureus 8.8 0.9 8.0 
hemolyticus ins 
hemolyticus B. bron. 8.8 0.9 8.0 
B. coli 8.8 1.3 11.4 
S. hemo, 8.8 0.8 7.0 
Cat 6 Strept, 14,800 69 | 12,000 88 S. aureus 1.0 1.0 1.6 
hemolyticus | 
B. bron. 1.0 1.0 1.0 
B. coli 1.0 1.2 1.2 
S. hemo, 1.0 0.5 0.5 


Exe. 3.—The opsonic data recorded in the accompanying table were obtained from a study of human cases, carrie 
out a short time before the death of the patient. The nature and duration of the illness in each case is indicate 
in the following tabulation: 

PATIENT No. 1.—White female; aged 69 years.* Duration of present illness, 8 months. Diagnosis: Arteriosclerosis; hyper- 
tension; chronic nephritis; hemiplegia; acute bronchopneumonia. 

PATIENT No, 2.—White male; aged 50 years. Duration of present illness: 2 months. Diagnosis: Carcinoma of bladder; 
hydro-ureters; pyonephrosis; arteriosclerosis with occlusion of coronary arteries; chronic myocarditis. 

PATIENT No, 3.—White male; aged 39 years. Duration of present illness: 9 months. Diagnosis: Carcinoma of bladder; 
operation for removal of carcinoma January 21, 1921. Streptococcus hamolyticus septicemia developed January 26. Patient 
died the following day. 

PATIENT No. 4.—Colored female; aged 32 years. Duration of present illness: 9 months. Diagnosis: Carcinoma of cervix 


with metastasis to brain; pyelitis; bronchopneumonia; syphilis. 





The clinical data of the following human cases were secured from The Johns Hopkins Hospital records. 


. 





‘l 
‘| 


NORMAL EXPRIMENTAI 
oa = 
— sania Av. % Neutroph. White » Neutroph. ~— ae enn ete conn hi 
White Count leuco. Count leuco. 
3/2/21 Pat. 1 5,500 69 11,400 74 S. aureus 2.2 1.0 2.2 
B. coli 2.2 1.0 22 
B. bron. 2.2 1.0 2.2 
Pn. I 2.2 1.0 2.2 
1/3 Pat. 2 5,500 69 19,300 73 S. aureus a7 1.5 5.5 
B. coli 3.7 1.3 4.8 
B. bron. 3.7 12 4.4 
B. typho. 3.7 0.9 ~ 3.3 
1/28 Pat. 3 5,506 69 32,840 89 S. aureus 7.7 0.9 6.9 
B. coli 7.7 0.9 6.9 
B. bron. 7.7 1.3 10.0 
S. hemo, ; 7.7 O01 0.8 
2/11 Pat, 4 5,500 69 24,000 75 S. aureus 4.7 0.9 4.2 
B. coli 4.7 0.8 3.7 
B. bron. 4.7 1.2 5.6 


B. typho. 4.7 1.0 4. 
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study of the tables in Experiments 1 and 2 reveals 
A stud! 


that an actual depression in phagocytic activity asso- 
ciated with infectious diseases is not an invariable phe- 
nomenon and, indeed, is probably rare except in indi- 
viduals with a low leucoeytic count. In most cases the 
increase in neutrophilic leucocytes over-compensates for 
the apparent decrease in opsonic efficiency revealed by 
the Wright 
suppose that infections may triumph not because of a 


technique. It seems reasonable, then, to 


rupture in the phagocytic activity of the animal but in 
spite of a very cousiderable increase in the effectiveness 
of that defensive mechanism. Likewise, an examination 
of the table in Experiment 3 shows that an increase in 
neutrophilic leucoeytes often insures a high differential 
opsonic index in chronic diseases of an infectious as well 
as a non-infectious nature. 

The opsonic index and differential index are, of course, 
the same in all cases where the experimental animal has 
a normal leucocytic count. The two indices may even be 
the same when either a high or low white count is 
obtained, provided the opsonie index varies equally in the 
opposite direction. In general, however, the variation in 
the white count presents a greater range than is observed 
in the opsonic indices, so that the value of the differential 
index will, as a rule, be influenced more by the white 
count than by the observed opsonie index. It does not, 
therefore, seem unreasonable to suppose, that in any 
attempt at estimating an animal’s phagocytic capacity, 
it is quite as important to obtain a differential blood 
count as it is to determine the opsonic index. These 
factors are interdependent, and both alike are indis 
pensable in any caleulation designed to evaluate an 
animal’s phagocytic defense. 

[t is, of course, recognized that any attempt at inter 
preting phagocytic tests conducted outside the animal 
body must be undertaken with considerable reservation. 
There is no method for controlling possible variations in 
the phagocytic capacity of the “fixed” cells, and there 
is always the possibility that in “test-tube” phagocytosis 
one may be dealing with the enfeebled and non-pathogenic 


organisms that occur in even the most virulent cultures. 
In this connection Bordet* has pointed out that, when 
highly virulent bacteria are injected intraperitoneally, 
there is always an initial phagocytosis of what he regards 
as the weaker and less aggressive organisms. The more 
virulent fraction of the cultures resists engulfment and 
carries the infection to a fatal conclusion. If, then, in 
in vitro phagocytic tests the bacteria taken up represent 
largely the indifferent, non-aggressive fraction of the 
culture, such results would be of little value in determin 
ing the true extent of an animal’s phagocytic defense. 


CONCLUSIONS 


1. The Wright opsonic index is not a reliable measure 
of an animal’s phagocytic capacity whenever the white 
blood count is above or below the normal. 

2. The differential opsonic index seems generally to be 
a more dependable measure of phagocytic defense than 
the Wright opsonic index. 

3. Depression in phagocytic activity is not an invari 
able phenomenon associated with fatal infections. 

!. With the possible exception of cases with leucopenia, 
the relative phagocytic power of an infected animal is 
never lower than the opsonie index indicates, but is some 
times, indeed quite often, very much higher. The opsonic 
index, with the exception noted above, never does more 
than express the minimal limitations of the animal’s 
phagocytic defense. 
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THE DISSEMINATION OF BACTERIA IN THE UPPER AIR PASSAGES 
11.—THE CIRCULATION OF BACTERIA IN THE MOUTH’ 


By Artuur L. BLOOMFIELD 


From the Biological Division of the Medical Clinic. 


In the preceding paper of this series’ experiments were 
reported on the mechanism of removal of charcoal par 
ticles placed on various areas of the mouth ana throat. 
[t was found that such particles were removed in a defin- 
ite and orderly way, along direct paths leading back to 
the posterior tongue and wsophagus. 

*Read before The Johns Hopkins Hospital Medical Society, 


November 7, 1921. 


The JohnsHopkins University and Hospital.) 


The present communication deals with similar expert 


ments in which bacteria were used as a test substance. 


METHODS 


Sarcina lutea was used as the test organism. Its ad 
vantages for our purpose were as follows: (1) It is abso- 
lutely non-pathogenic for human beings; (2) The bright 


yellow colonies can be easily identified in cultures; (5) 
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The organism grows well in symbiosis with the usual 
mouth bacteria. 

Healthy volunteers were used as subjects. Solid masses 
of twenty-four-hour growths of sarcina on agar were in- 
oculated on yarious areas in the mouth and throat and 
cultures made as indicated below. 


The abbreviations used are as follows: 


| \. T —_ ( anterior part of tongue 
R. Right{ ’ , : 
—_ M. T ne middle part of tongue 
R. { ri tate Right\ 
9, Pr. TF = na, posterior part of tongue 
R. { ais . Right ( . 
om, Ton : arse, tonsil 
Lt. { Left | 
Phar Posterior pharyngeal wall 
Hard Pal. Hard paiate 
Soft Pal. Soft palate 


The location of these areas is indicated in the following 


diagram: 





EXPERIMENT 1. Subject H. This person was a laboratory 
worker in good health. The mouth and throat appeared normal. 
The tonsils were small and moderately well protected by the 
anterior pillars. 

Nov. 2, 1921. One large platinum loop of a twenty-four- 
hour growth of sarcina lutea on agar was inoculated on the 
anterior central part of the tongue. Cultures were made after 
ten minutes. The number of colonies recovered from various 
areas was as follows: 


1 o oe 
2 80 
P. T. oo 
Hard Pal. 10 
Soft Pal. 2 
Pharynx 0 
Rt. Ton 10 Lt. Ton. : 14 


The bacteria adhered at the site of inoculation 
and were not generally disseminated through the mouth cav- 
ity. There was slight transfer to the hard palate by direct 
contact. The organisms were drawn back along the tongue 
and a very few reached the tonsils and soft palate by contact. 
None were recovered from the pharynx. The point of special 


COMMENT: 


importance is that innumerable colonies progressed along the 
posterior tongue, whereas only a very few were implanted on 
the tonsils. 


Expt. 2. Subject B. This person was a healthy laboratory 
worker. There was no special abnormality of mouth or 
throat. The tonsils were small, but not well protected by the 
anterior pillars. 

Oct. 26, 1921. One large loop of a twenty-four-hour eyl- 


ture of sarcina lutea on agar was inoculated on the left anter- 
ior portion of the tongue. Cultures were made after tep 
minutes. The number of colonies recovered from various 


areas was as follows: 


se © ad a A. FE 0 
L. M. T. 0 a. FT. 0 
L. P. 3T. 400 R. P. T. 25 
Lt. Ton 25 Rt. Ton. 0 
Soft Pal. 0 
Pharynx 600 


COMMENT: The bacteria adhered at the site of inoculation 
and were not generally disseminated through the mouth eay- 
ity. The organisms travelled back along the homolateral side 
and did not cross the midline until the posterior tongue was 
reached when a few were recovered from the opposite side. 
In spite of the fact that six hundred colonies were recovered 
from the pharynx (probably directly implanted from the pos- 
terior tongue) only a few organisms were found on the tonsil. 


Expr. 3. Subject H. This patient was a healthy physician 
The tonsils had been cleanly removed. The tonsil fosse were 
shallow. The throat appeared normal. 

Oct. 27, 1921. One large loop of a twenty-four-hour cul- 
ture of sarcina lutea on agar was inoculated on the left ton- 
sillar fossa. Cultures were made after ten minutes. The 
number of colonies recovered from various areas was as 


follows: 
Hard Pal. : 7 
bn, Me. F. 0 n. A.'S, : 0 
Ss & - 00 R. P. FT. = §1 
Lt. Soft Pal. = 120 Rt. Soft. Pal. = 34 
Lt. Ton. = OC Rt. Ton. - 0 
Pharynx = ad 


COMMENT: There was considerable spread, evidently by 
direct contact, from the tonsil fossa to pharynx and tongue on 
the same side. Only a few organisms reached the palate and 
the posterior part of the tongue on the opposite side. 


Expr. 4. Buck, Ward M. This patient was convalescent 
from typhoid fever. He had small clean deep-set tonsils well 
protected by the anterior pillars. The throat appeared normal. 

Nov. 2, 1921. One large loop of a twenty-four-hour growth 
of sarcina lutea on agar was placed on the right tonsil well up 
and behind the anterior pillar. Cultures were made after ten 
minutes. The number of colonies recovered from various 
areas was as follows: 


LAF. = 0 Hard Pal. 0 a = 0 
ie, 2... = 0 a. =. F. = 0 
L. #. =. = 0 z. P. T. = ¥ 
Lt. Ton. = 6 Rt. Ton. = © 
Lt. Pharynx = 0 Soft Pal. = 0 Rt. Pharynx = 0 


COMMENT: No sarcina lutea was recovered from any area 
save the site of inoculation. This experiment should be con- 
trasted with Experiment 3 to emphasize the importance of 
anatomical variations in allowing spread by direct contact. 

Expt. 5. Subject C. A healthy medical student. No spec- 
ial abnormality of throat. Moderate-sized clean tonsils. 
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Nov. 2, 1921. <A large loop of a twenty-four-hour growth 
yf sarcina lutea on agar was inoculated on the posterior phar- 
vngeal wall. Cultures were made after ten minutes. The 
number of colonies recovered from various areas was as 
follows: 
eo 0 Hard Pal. 0 AT 0 

M.T 0 R. M. T. 0 

p. T. 0 SO : 0 

ron 20 Soft Pal. 1 Rt. Ton. 35 

Pharynx 340 

COMMENT It may be noted that the organisms did not 

ome forward into the mouth at all. The few colonies from 


the tonsils and soft palate were clearly transferred by direct 
ontact. There was a rapid disappearance from the pharynx 


SUMMARY OF EXPERIMENTS 1—-5 


The following points may be noted. 


|. Sarcina lutea inoculated on various areas in the 
mouth and pharynx adhered at the site of inoculation and 
was not uniformly spread over the mouth cavity 

? There was some transfer to areas other than the 
site of inoculation by direct contact varying with anatom 
ical conditions (e. g., tongue to hard palate, tonsil to pos 
terior tongue and soft palate, ete.). 

3. Aside from such limited spread by direct contact, 
the removel of the organisms was affected by a progress 
on towards the cesophagus. 


the tongue 


t, Organisms inoculated on one side of 
travelled along the same side with practically no spread 
cross the midline. 

5. Organisms inoculated on the tonsil or pharynx did 
not come forward into the mouth. 

j. These experiments agree entirely with those pre- 
viously described in which charcoal particles were used 
ustead of bacteria. 

In the next series of experiments the object was to 
determine to what extent organisms implanted on the 
mucous surface were removed or spread about by arti- 
ficial flushing of the mouth and throat. 


Expt. 6. Subject H. (see Expt. 3). 

Oct. 29, 1921. One loop of a twenty-four-hour growth of 
sarcina lutea on agar was placed on the left anterior portion of 
after the inocuiation the subject 
Cultures were thereupon made. 


the tongue. Immediately 
drank a large glass of water. 
The number of colonies recovered from various areas was as 


follows: 


L. A. T. 0 Hard Pal. 35 ae A 0 
L. M. T. 34 R. M. T. 0 
L. P. T. 15 Zo. So 0 
Rt. Ton. 0 Soft Pal. = §g Lt. Ton. 0 


Pharynx 2 

spread could be deter- 
the three 
pharynx. 


COMMENT: It may be noted that no 
mined following the flushing, save for 
the soft palate and the two from the 


spread to the hard palate was probably by direct contact. 


colonies on 
The slight 


ExPT. 7. Subject B. (see Expt. 2). 
Oct. 31, 1921. A large loop of a twenty-four-hour growth 


of sarcina lutea was inoculated on the posterior central part 


of the tongue. A large glass of water was rapidly sipped im- 
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mediately after inoculation. Cultures were thereupon made 
from various areas. The number of colonies recovered was 
as follows: 
io Mi Oe : 0 Hard Pal. 4 m. A. F 0 
i: in ee 0 Soft Pal. 15 A 0 
LL. P. T. 2 00 = 2 80 6© 
Lt. Ton. 300 Rt. Ton. 20 
Pharynx 5 
COMMENT: It may be noted that no sarcina lutea was re- 


covered in front of the inoculated area save four colonies from 


the hard palate. The slight spread to soft palate and tonsils 
was probably by direct contact. 


cina were however recovered from the site of 


Innumerable colonies of sar- 
inoculation. 


Subject H. (see Expt. 1). 

1921. One large loop of a twenty-four-hour growth 
the right tonsil. A large 
Cultures there- 


Expt, 8. 
Oct. 31, 
of sarcina lutea 
glass of water was immediately taken. 


was inoculated on 


were 


upon made from various areas. The number of colonies of 
sarcina lutea recovered was as follows: 
L. A. T. 0 i %& A 0 
L. M. T. 0 R. M. T 0 
ie Ea Eo 0 ee 3 
Lt. Ton. 0 Rt. Ton. S00 
Lt. Pharynx 1 Rt. Pharynx 0 
Lt. Soft Pal. 0 Rt. Soft Pal. 0 
COMMENT: Practically no sarcina lutea was recovered save 


from the site of inoculation. 


ExeT. 9. Subject Hu. This subject was a healthy physic- 


ian. He had a very narrow palate arch and the posterior pil- 
lars were practically in contact with the pharyngeal wall. 

Oct. 1921. One loop of a twenty-four-hour growth of 
sarcina lutea was inoculated on the right posterior pharyngeal 
wall. A glass of water was immediately taken and cultures 
were thereupon made from The number of 
colonies of sarcina lutea recovered was as follows: 


9g 
amd, 


various areas. 


rae ee 0 Hard Pal. ® BAF. 0 
L. M. T. 0 R. M. T. 0 
a Fe Bs = 0 _ e. Be 2 
Lt. Ton. 0 Rt. Ton. 0 
Lt. Pharynx=800 Soft Pal. 12 Rt. Pharynx 2000 
COMMENT: A few colonies of sarcina were recovered from 
posterior tongue—evidently trans- 


the soft palate and right 
ferred from the pharynx by direct contact. 


SuMMARY OF Exprts. 6—9 


The following points may be noted: 

1. Sarcina lutea thoroughly implanted on various areas 
in the mouth and pharynx adhered at the site inoculation. 

2. The ingestion of a large glass of water following 
inoculation did than a very 
few of the organisms. 

3. Whatever the number removed, such organisms were 


swallowed with the ingested fluid and not reimplanted on 


not seem to remove more 


other parts of the mouth or throat save for an occasional 
colony. 

1. These experiments correspond with the findings in 
the experiments with charcoal particles. 

In the next experiments an attempt was made to deter- 
mine to what extent organisms ingested in a fluid medium 


contaminated the mouth cavity. 
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Ext. 10. Subject B. (see Expr. 2). It appeared that carriers who harbored pathogens in g 
Nov. 2, 1921. A suspension of sarcin: oF: saline s - . . . : + 2 . ‘ 
. of sarcina lutea in saline solu localized area might yield the desired information. 
tion was prepared, one loop of a twenty-four-hour growth on foll i | ° E | f i € 
, ; : ; ollowing observ: ms were srefor ‘ : 
agar to each cubic centimeter of fluid. The subject drank wns. . 3 Fvaem ae were * - eee Cee: : 
about 30 ¢.c. of this suspension. Cultures were immediately Casa I. This subject _— a clinically healthy individual who 
made from various areas. The number of colonies of sarcina aus Caen UOT reormtagisreeigh sore a Se ees 
recovered was as follows: tures had been made which indicated that he was a tonsil car. 
’ rier of Staphylococcus aureus. Conditions were therefore ; 
Anterior Tongue 50 = : , : ; MOresere Ge 
. ; ; alogous to an experiment in which this organism was inocy 
Left sublingual space 6 : , : : ‘ 
lated on the tonsil save that in this case the inoculation cay 
Posterior tongue 2 : yg aes 8H a ‘ ae 
rs from foci of infection in the tonsil itself. Cultures wer 
Soft Palate 8 —_ , in tl tl itl . 
made from various areas in the mouth anc ‘oat ¢ ‘ 
Hard Palate 9 ; ' * canes , ' throat and the 
- “ ; a number of colonies of S. aureus recovered were , 
Rt. Ton. = 34 Phar. = 9 Lt. Ton. = 33 ; “ ' a ae 
results were as follows: 
COMMENT: It may be noted that only a minute portion of ; 
: = . - Site of Culture Rt. Tonsil Lt. Tonsil Pharynx Tongue 
the ingested organisms adhered. Except from the posterior : 
: sos Jat 
part of the tongue only negligible numbers were recovered. gg 
Mar. 21, 1921 100 200 0 0 
Expr. 11. Subject, Buck. (see Expt. 4). Mar. 23, 1921 0 ora) 2 p 
Nov. 2, 1921. The subject drank about 30 c.c. of a suspen- Mar, 28, 1921 2» *o 0 i 
sion of sarcina four times as heavy as that used in Expt. 10. Apr. 16, 1921 50 oa) 4 6 
Cultures were immediately made. The number of colonies of Mav 15. 1921 20 4 1 rn 
sarcina recovered was as follows: , 
: : = It may be noted that, although the staphylococci were constant- 
Sublingual space 175 a : : 
Hard Palat ae ly present in large numbers on the tonsils, none were recovered 
art alate 0 i P " 
j from the tongue, and only an occasional colony from the , 
Anterior Tongue 1000 : a 4 : 
: : ‘ pharynx. The results were similar to those obtained in the ; 
Posterior Tongue 1600 . : ' ‘ 
age: ‘ experiment in which sarcina was placed on the tonsil. More 
Soft Palate 8 letailed cult f t! ielded the foll ; 
ia . ‘i etaliec ‘uitures rom ie same yerson yleide the tollow- 
Rt. Ton 60 Phar. 14 Lt. Ton. 12 ; ? . , : 
” ing results: . 
apeaaanarie 1e result of this experiment is similar to that Oct. 28, 1921. Number of colonies of S. aureus recovered 
obtained in Expt. 10. _ — ataienn \ 
from various areas: 
SUMMARY oF Exprs. 10 and 11 ay me 0 Hard Pal. = 0 B.A. Tf. = 0 I 
The followi lead | ted a 3 Soft Pal. : 23 > & >= 0 
e following points may be noted: . . on 
1 ng | - A 10UE : L. P. T. 6 Pharynx . "Y R. P. T. 10 
1. After the subject had drunk a heavy suspension of Lt. Ton 15 Rt. Ton. 50 
sarcina, relatively few organisms adhered to the mucous Oct. 31, 1921: 
membranes. Pe ®,. 3 0 Hard Pal. = 0 R. A. T. 
‘ nn : . = sof > 3 T 
2. The greatest number was recovered from the tongue, L. M. T. 0 Soft Pal. . R. M. T. 
. . . - & 2 0 Pharynx = 0 =. &. 7. l 
a few adhered to the tonsils, and practically none to the 7 e — . - 
" i F Lt. Ton. 50 Rt. Ton. = 3 
vosterior pharyngeal wall. ilies ‘ . . all 
I alii Case II, Bu. This patient was a tonsil carrier of Staphylococcus 
DISCUSSION aureus. Cultures made from various areas yielded colonies 
m : . of this organism as follows: 
rhe experiments recorded above agree completely with Vs gr - 
a R : 7 NOV. 3, vel: 
the re sults obtained in the previous work with charcoal L.A. T. 0 HardPal. = '0 RAT. si 
particles. It appears, in the first place, that the mouth L. M. T. 0 Soft Pal. > @ RMT. 
is not a churn whereby entering organisms are more or L. P. T. 1 R..P. Tf. py] el 
“2 ° » " 9 7 vde 
less uniformly spread over its surface. On the contrary, Lt. Ton. — mt. Fee. cl 
; ; : : : : : Lt. Pharynx 0 Rt. Pharynx = 4 sts 
even when introduced in a fluid medium, they are carried found 
, : ‘ by . Case III. Go. This patient had acute nephritis. He was [oun | ogy 
directly back by the act of swallowing with but little 2 , : : a . 
e ‘ ¥ 7. : Ss to be a carrier of B. influenze. Differential cultures showed to 
contamination of, or at least little tendency to adhere this organism as follows: a 
to, the tonsils, pharynx, or sublingual space. Once an Site of Culture Rt. Tonsil Lt. Tonsil Pharynx Soft Palate Tongue ™ 
chored, however, in the mucous lining of the buceal cavity Date | 
e ° e ° Yow &f 9 oe) 0 ‘ 
the organism is no longer readily dislodged, at least by Nov. 5, 1921 ° 0 ° ba 
. . : , Nhe Nov. 7, 1921 0 0 200 0 0 j 
flushing with fluid. It is drawn rapidly back by suction ; vor : ; . = 
hich t lt id tl i] . : It may be noted that influenza bacilli, while present in larg her 
currents whic » 0 avo > Sus ; sterior : i 
mt aca tem AVON be 1e tonsiis and posterior numbers in the pharynx, were not spread to other areas in the ill 
pharynx. These currents act in a constant and orderly buccal cavity. 

4 , » : s . " ISO 
manner and are disturbed only by anatomical variations Case IV. H. This patient had peripheral neuritis. He, als? sol 
which may lead to some spread of organisms by direct was a carrier of B. influenza. Differential cultures showe hen 
contac this organism as follows: bac 

ntact. 
: : Site of Cult Rt. Tonsil Lt. Tonsil Ph Soft Palate Tongue ec 
It seemed desirable to extend the above experiments “- — a scm des 

z Jate ‘ 

by ‘ing vs ree ~yanisme : . a ane 
; using pathogenic organisms, but we did not wish to Nov. 7, 1921 6 0 “ 0 0 a 
subject the volunteers to the danger of possible infection. Nov. 5, 1921 0 0 20 a) 0 

: P P > . Boks iD “ae ae . tom 
Our purpose was accomplished indirectly in another way. The result is similar to that in Case III. : 
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Case V.No. This was a healthy 
He was found to be a carrier of B. influenze. 


medical student. 
Differential cul- 


person 


tures showed this organism as follows: 


Site of Cultur Rt. Tonsil Lt. Tonsil Pharynx longue 
Date 
Several Several 
sug. 20, 1921 hundred hundred 0 0 
sug. 26, 1921 150 6 0 0 
Several 
Sept. 7, 1921 hundred 20 0 0 
interesting contrast to Cases III] and IV. In 


This case 1S In 
the former influenza bacilli were localized in the pharynx and 
were not spread elsewhere. In Case V they were localized in 


the tonsils and were not spread to the pharynx. 

This subject was a physician convalescent from 
He was found to be a carrier of a hemolytic 

Differential cultures yielded this organism as 


case VI. F. 
acute tonsillitis. 
streptococcus. 


follows: 


Site of Cultur Rt. Tonsil Lt. Tonsil Pharynx Tongue 
Date 

Mar. 12, 1921 200 100 a 0 

Mar. 18, 1921 20 20 2 0 

Mar. 16, 1921 20 20 * 0 

Mar. 14, 1921 20 Many 7 0 
Several 

Mar. 29, 1921 hundred Many 4 0 

Apr. 12, 1921 Many Many 2 0 
Several Several 

May 13, 1921 hundred hundred 50 0 


t may be noted that while this person constantly had large 


numbers of streptococci on the tonsils and pharynx, none were 
ever recovered from the tongue. 

The cases presented above are merely a few of many 
observations which may serve as examples. They show 
clearly that in spontaneous inoculations from a local 
focus of infection the same laws of spread hold as in the 
experimental inoculations. 

GENERAL DISCUSSION 

The experiments described in this paper and in the 
preceding one show clearly that there is a definite mech 
anism whereby foreign organisms which enter the mouth 
are removed. Its essential feature is a direct and rapid 
transport of the bacteria towards the @wsophagus. With 
out having further experimental proof it appears prob 
able that the organisms are swallowed after reaching 
this point. 

It does not seem wise at present to go too far in ascrib 
ing a purposeful significance to this mechanism of elim 
ination. The causes which lead to its failure as well as 
the question of other factors, beside the purely mechan 
ical one, Which may enter into the protective mechanism 


of the upper air passage, will be discussed at another 
time. 
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BACTERIAL NUTRITION 


GROWTH OF 


\ HEMOPHILIC BACILLUS ON MEDIA CONTAINING ONLY AN 


AUTOCLAVE-STABLE SUBSTANCE AS AN ACCESSORY FACTOR 


By T. M. 


Rivers, M. D. 


(From the Department of Pathology and sacteriology, The Johns Hopkins University) 


It has been shown by a number of investigators '~° that 
two factors are essential for the growth of influenza ba- 
eilli. 
clave-labile. 


One of these is autoclave-stable, the other is auto- 
and 
Speculation as to the 


Both are found in blood also in sub- 
stances which contain no blood. * 
exact nature of these two substances and how they act 
to promote growth is rife. Definite proof, however, for 
none of these contentions has been produced. 

In this laboratory four groups of so-called hemophilic 
bacilli have been studied to determine their requirements 
in regard to these two growth accessory factors—the non- 
hemolytic influenza bacillus, the hemolytic influenza ba- 
cillus, the pertussis bacillus and a hemophilic bacillus 
isolated from the preputial secretions of dogs. The non 
hemolytic group answers all the old criteria for influenza 
bacilli. The hemolytic ones correspond to the bacilli 
Pritchett and Stillman,® Rivers,’ Stillman 
The pertussis 
bacillus (No, 256) was supplied by the Hygienic Labora- 
tory in Washington. 


deseribed by 


and Bourn,’® and Rivers and Leuschner. 


It does not produce indole, does 


not reduce nitrates, does not ferment any of the ordinary 
The bacilli 
isolated from the preputial secretions of dogs have been 


sugars and makes milk strongly alkaline. 


collected from animals in the laboratory during the last 


two years and correspond to B. hemoglobinophilus 


canis first described by Friedberger.'* This group is very 
interesting and will be taken up in detail in another 
paper. Only the growth requirements will be discussed 
here. 

The growth accessory factors were prepared in the fol 
lowing manner: 

A. Autoclave-labile Factor.—A jure culture of brewer's 
5-6, seraped off and 
To the 
yeast cells from 5 to 10 volumes of distilled water were 


yeast was grown on malt agar, pH 
washed in physiological salt solution three times. 


added, brought to a boil, allowed to stand on ice over 
night, filtered through paper and sterilized by means of a 
Mandler filter. 

B. Autoclave-stable Factor. Hematin.—Red blood cells 
from 100 ¢.c. of blood were washed three times in physio- 
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logical salt solution, laked with distilled water and pre- 
cipitated with 95 per cent alcohol The precipitate was 
boiled with weak acid aleohol (H.SO,) 
The filtrate was partially saturated 


until colorless 
and then filtered. 
with NaCl and filtered. 
oughly on the filter with distilled water, dissolved in warm 
acid aleohol, reprecipitated with NaCl, filtered, washed 
taken up in acid alcohol, made slightly alkaline (pH 7.4) 
with 95 


The precipitate was washed thor 


with NaOH and brought up to volume of 100 ec. 
per cent alcohol. While hematin prepared in this way 
may not be absolutely pure, it is relatively so and answers 
the purpose desired in this work. 

Two basie media, to which the growth accessory factors 
could be added separately or together, were used. One 
Was meat-infusion agar, the other was made up with 2 per 
cent agar, 2 per cent Fairchild’s peptone and 0.5 per 
cent NaCl. 
basie media in quantities of 2 ec.¢. per 100 ¢.¢. and al 


The autoclave-stable factor was added to the 
ways autoclaved. The labile factor, 15 ¢.¢. per 100 ¢. ¢., 
was added to the melted agar after it had cooled down 


to 50°C, 


TABLE I.—GROWTH ACCESSORY REQUIREMENTS 
OF CERTAIN SO-CALLED HEMOPHILIC BACILLI. 


Mes 2 per ce 2 per cent | 2 per cer 
; Meat | infusion |2Per cent |" Boies’ | peptone, [Pemone ag 
Bacterium Infusion — Peptone Keg or — - 
wee gar ee Avar Agar Yeast Ext. 
6° Hematin . east Ext.) Hematin Hematin 


B. pertussis 


No, 256 

B. hemoglobino- 

philus canis - 1. me = - 
(isolated 1 yr.) 
B. hemoglobino- 

philus canis _— 4 _ — L L 
(isolated 1 wk.) 
B. influenzae, | 
non-hemolytic — — _ — | = 
(isolated 7 yrs.) 

B. influenzae, | 
hemolytic — _ ee = 
(isolated 2 yrs.) 


indicates that successful transplants were made as long a 


desired indicates that successful transplants were not ob- 


tained or for one or two generations only. 

From Table 1 it can be seen that B. pertussis, No. 256, 
requires neither-of the growth accessory factors; the 
hemolytic and the non-hemolytic influenza bacilli require 
both, the recent and the old isolations of the bacillus 
from dogs require the addition of only the autoclave- 
stable factor. 

DISCUSSION 


Fildes * made a peptic digest of blood. The hematin set- 
tled to the bottom leaving a clear straw-colored super- 
natant fluid. After the precipitate and supernatant fluid 
were properly separated, he found that B. influenzae did 
not grow on a medium to which these substances were 
added 


separately. A good growth, however, occurred 
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when they were used together. From these and other 
observations he concluded that the combined oxygen, prob. 
ably in the form of a peroxide, was activated for the jp. 
fluenza bacillus by the catalytic action of iron in the blood 
pigment. He did not state in which part of the medium 
the loosely bound oxygen was found, but it may be infer. 
red that it was in the clear supernatant fluid of the peptic 
digest of blood. If this inference be correct, an inter. 
action of the two parts of the digest was necessary for 
the growth of influenza bacilli. Davis * in speaking of the 
heat-stable and heat-labile factors says: “The interaction 
of these two substances is somehow necessary for the 
growth of this organism. Presumably the second factor 
in some way renders the iron more available and, in yiew 
of the nature and function of this element in life pro 
cesses, one is tempted to interpret the phenomenon as 
related to oxidation, and possibly catalytic in nature.” 
The above investigators seem to think some interaction 
between the two accessory factors takes place, but it is 
evident that they do not agree upon the type of inter 
action. Thjétta and Avery‘ in the report of their work 
on the two factors say, “They are both requisite for growt) 
of hemophilie bacilli and each is separately inactive and 
without effect.” From this it might be inferred that they 
consider some interaction between or coiiction by these 
two substances necessary. Olsen,'* Fildes,* and Thjétta 
and Avery,’ think that the positive guaiae or benzidine 
tests given by the suitable factors for growth are very sig 
nificant, yet the latter workers admit that bananas, al 
though giving a negative benzidine reaction, support 
growth of B. influenzae. 

[It has been shown that B. hemoglobinophilus canis re 
quires the addition of only an autoclave-stable substance 
as an accessory growth factor. This observation cer- 
tainly makes one desire more proof that there is actually 
an interaction or coiiction between the two factors in 
volved in the growth of influenza bacilli. Both are w 
doubtedly essential, but it does not necessarily follow 
that there is any interaction. It is conceivable that they 
may have nothing to do with each other in the growth of 
hemophilic bacilli. It is also possible that the autoclave: 
stable factor acts in the same manner in both instances; 
in the case of influenza bacilli something else, which may 
or may not have anything to do with the action of the 
autoclave-stable factor, is necessary; in the case of B 
hemoglobinophilis canis nothing else is essential or, ! 
there be, it is synthesized by the organism. It is full 
realized that what transpires in the growth of one grou 
of hemophilie bacilli is not entirely analogous to wha! 
Still the fact that a certain group tr 
quires the addition of only one of the accessory factors 
throws doubt on any theory of interaction between the 


© 


occurs in others. 


two factors to produce growth in other closely allied 
groups until more definite proof is produced. 
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CONCLUSIONS 
A hemophilic bacillus has been found which requires the 
addition of only an autoclave-stable substance as a growth 
accessory factor. 
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ON 





(From 


The authors have not been able to find in the literature 
any report of the isolation of nucleic acid from bacteria. 
Ruppel, in 1898, in a chemical study of the tubercle ba- 
cillus, reported the preparation of a white powder, which 
he found to contain the amount of phosphorus theoretic- 
ally required for nucleic acid (942%). But this sub- 
stance gave a biuret reaction, and no other procedures for 
We thought, 
therefore, that the actual demonstration of nucleic acid 


the actual identification were resorted to. 


and its isolation were desirable. 

Since two different nucleic acids have been distinguish- 
ed as types of animal and plant nucleic acid, it occurred 
to us that the identification of the variety present in bac- 
teria, if any were found, would be of additional interest 
from a taxonomic, if from no other, standpoint. 








Bacteria were grown in mass upon a synthetic medium 
Which contained no trace of formed purine or pyrimidine 
The following medium, upon which the 
organism used (B. coli) grew well, was devised: 


compounds. 


MN cieceaw dada cna keontaaw 20.0 gm. 
Sodium chloride .......... 5.0 gm. 
Calcium chloride .......... 0.1 gm. 
Magnesium sulphate ....... 0.2 gm. 
Dipotassium phosphate ... 0.2 gm. 
Ammonium lactate ........ 12.0 gm. 
ED ctde onus eaWaesies 30.0 ce. 
ere ee 1000 ce. 


The medium was titrated to P, 7.8 

B. coli communior was used because of its facile growth 
and comparative non-pathogenicity. The 
growth and preservation of the bacteria will be described 
ina later paper, 


method of 
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THE PRESENCE OF NUCLEIC ACID IN BACTERIA 
(A PRELIMINARY REPORT) 


By ALEXANDER J. ScHAFFER, CASPAR FOLKOFF AND 
S. Bayne-JONEs. 


Medical School) 


When approximately 500 grams of dehydrated bacteria 
had been accumulated, the nucleic acid was isolated. For 
this we employed with slight modification the unpublished 
method which Walter Jones and Folkoff applied to the 
isolation of nucleic acid from yeast, but which does not 
lead to the isolation of nucleic acid from animal tissues. 

The substance finally obtained consisted of a non 
hygroscopic, protein-free, slightly gray, amorphous pow- 
der. It contains closely the amount of phosphorus re- 
quired for plant nucleic acid, half of which is easily split 
and half firmly bound. It has thus far been shown to 
contain guanine, which it produces by the action of the 
mildest hydrolytic processes, and is surely to be regarded 
as a substance belonging to the group called nucleic acid. 
But the material does not contain the crucial pentose 
group of plant nucleic acid, since it does not respond in 
the slightest degree to the sensitive color reactions with 
phloroglucine and orcine. 

We propose to isolate this substance from bacteria in 
amount sufficient for its close chemical examination. 
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THE ROLE OF SITUATION IN PSYCHOPATHOLOGICAL 
CONDITIONS. (ABSTRACT.) 
By Estuer Loring Riciarps 


(Associate in Psychiatry, The Johns Hopkins University.) 


Mental Hygiene, Vol. 5, No. 3, pp. 444-467. July, 1921. 


The material for this paper was taken from the Out- Apparently he had never had an opportunity to receiye 
patient Department of the Henry Phipps Psychiatric a black eye or get his feet wet. On investigation jt 
Clinie of the Johns Hopkins Hospital. It consists of a developed that the father and mother were separated, 
study of seventeen children who were referred in Sep- and the latter and the patient lived with the materna) 
tember and October, 1920, for various types of “nervyous- grandmother. The father was a ne’er-do-well and aleo 
ness.” Inasmuch as over sixty per cent. of the new admis- holic, and the mother felt that the patient should be 
sions to this Dispensary every month are children, it shielded from influences that might tend to develop 
seemed worth while to follow a group of cases intensively inherited characteristics. Hence his companions and play 
over a six months’ period and see what practical thera- had been carefully supervised. The child felt in some 
peutic helps might be derived from such work. These vague way that he was different from other children, and 
children were not approached with the unconscious de- that this difference was associated with the father, who 
termination to find in them an exposition of any pre- must have been a very bad man. The mother ascribed 
conceived theory, or general cause for disorders of the patient’s odd behavior to “nerves,” which (she 
balance as a whole. Each patient was studied as an indi- thought) were a sure sign of tainted inheritance. 
vidual child with his own story of etiology and con- Suggested Modification and Results: An attempt was 
structive assets. In every instance the physical condition made to show the mother that this child’s faulty char 
was passed upon by one or more physicians on the general acterisiies were the product of her own solicitude and 
dispensary staff of the hospital. In addition to data ob- fear. It was suggested that she try a program of ep 
tained from the social organization, the school, or couraging the patient’s initiative—transfer to a larger 
dispensary referring the child, each case was carefully school, right of way to playground without continued 
studied by one of our psychiatric social workers. The watching and fear of disaster. 
latter made repeated visits to the home and school, The mother reports at the end of five months that the 
listening to the stories of family and teachers, and patient has not only outgrown his previous tendencies, 
effecting that exchange of viewpoints which makes for but seems to have made up for lost time in his noisiness 
mutual understanding and intelligent co-operation. The and irrepressibility. In appearance the boy is franker 
material obtained in this study was tabulated under the and more communicative. He speaks voluntarily of the 
headings of Complaint, Physical Status and Mental Level, part he is taking in games, and boasts of his prowess 
Situational Data, Suggested Modifications, and Follow- in having settled a personal dispute or two with “fellers 
up Notes. In every case the light shed on the “Com- bigger than I am.” 
plaint” did not come from somatic and psychological The complaints for which these children were referred 
facts, but from the data of situation. For example :— —twitching, retardation, speech disturbance, excitability, 

Cc. K. (No. 1) is a boy of eight who was brought to the imaginary somatic distress, ete—may or may not augur 
dispensary by his mother with the complaint that he ill for the future. For the present, at least, they consti 
was “backward in everything.” He was teased by younger tute a handicap to the start in life that cannot be ignored. 
children, would give up his rights sooner than fight or The presence of “spells,” for example, whether temper 
argue, and sat around the house doing nothing after storms or pseudo-convulsive tricks, tends to single out 
school. The boy slept poorly and was afraid of every- the child from other children in the family and other 
thing. scholars in the classroom. The watching and anxiety 

Examination of Patient and Situation: The patient have its effect on the child himself. In some instances it 
was pronounced physically normal in the Harriet Lane fosters embarrassment with feelings of inferiority; i 
Dispensary. He had a mental age of eight years plus, others it acts as a wedge for native aggressiveness and 
according to the Binet-Simon tests. In appearance he lack of consideration; and in every instance it focuses 
seemed bright and full of normal interests. He was in the attention of the child on himself with a wealth 0 
the third grade of a small private school, not being unhealthy reactions so familiar in the psychopatholog) 
allowed to go to the publie school because it was “too of everyday life. In reviewing the background of situ 
rough.” He owned a football, a baseball, and a bat, all | tions from which the above-mentioned complaints have 
of which were in good condition because he was allowed arisen, one is impressed by the absence of any great and 


to use them only in the small backyard of his home. startling facts, especially if one has been accustomed t 
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associating psychopathological conditions with definite 
etiological factors—such as somatic disease, emotional 
strains of shock and conflict, and desperate adaptive 
problems of poverty and hardship. The situational data 
resented here involve such facts as poor habit training, 


mr : 
faulty understanding of the individual child, and un- 


NOTES ON 


Diseases of the Chest and the 


By GrorGe WILLIAM Norris and Henry R. M. Lanpts. With 
a Chapter on the Electrocardiograph by Edward B. Krumb- 
haar. (W. B. Saunders Company, 1920, Philadelphia and 
London.) 
It is a difficult matter to write a practical book on the phys- 
ical diagnosis of the heart and lungs in health and 


the expressed purpose of the authors, has certainly 


disease. 
But this, 
been well accomplished, and any criticisms here made should 
the work, but rather should be 


be applied not to authors’ 


regarded as in the nature of suggestions that have been de- 
rived from the constant use of the book. It is the text-book 
in use at The Johns Hopkins Medical School for the third 


year students, and supplies their needs better than any other 
available book on Physical Diagnosis. But in the hands of 
second year men there are difficulties not yet overcome. Per- 
haps in the near future there may be arrangements of medical 
that will permit the study of the norimal 


school curricula 


wholesome attitudes of parents and teachers expressed 
in chronic worry, over-solicitude, nagging, repression of 
initiative, too much stimulation, pushing beyond native 
capacities, etc. Petty and commonplace facts they seem 
in the telling, and yet capable of producing tremendous 
influence on the springs of human activity. 


NEW BOOKS 


Principles of Physical Diagnosis. 


the first 


day 


and lungs in immediate connection with year 
work in anatomy and physiology. When that 
it may be that satisfactory books will be written that 
a combination of physi- 


hearts 
arrives, 
will be 
more useful than those now existing 
diagnosis. So much in 
physical diagnosis requires a trained that the text- 
books of today, written as they are by medical men, are rather 


ology, anatomy, physics, and physical 
physicist 


loose in their applications of physical theories to the human 
This book, however, has one particularly pleasing char- 
the result of the work of the anatomist, 

His frozen-section with 


body. 
acteristic, 
Fetterholf. 


George 


work the excellent plates 


supplies a unique demonstration of the correlation between 
physical diagnosis and anatomy. These pictures alone make 
the book well worth while and are so recognized by the 
authors in their dedication when they say: “Without Dr. Fetter- 


holf’s cooperation, cordial and self-effacing, our book would lack 


what is probably its most characteristic feature.” E.W.B 
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